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Executive Summary

During the fiscal year 2003 (FY 2003), the Earth Science Applications (ESA) Directorate at the
NASA John C. Stennis Space Center (SSC) in Mississippi provided systems engineering support for
the National Applications program of the NASA’s Earth Science Enterprise (ESE). The purpose of
the National Applications program isto enable the results from NASA’s Earth science research
activities to serve decision support tools implemented by partner agencies and organizations. The
Applications Division of the Earth Science Enterprise has defined 12 National Applications:

Agricultural Efficiency Coastal Management Homeland Security
Air Quality Disaster Management Invasive Species
Aviation Ecological Forecasting Public Health
Carbon Management Energy Management Water M anagement

Through systems engineering, ESA systematically assimilates results of ESE missions, models, and
technologies into decision support systems (DSSs) that affect policies and societal impacts. The main
DSSsidentified for enhancement by assimilation of the ESE results are:

Agricultural Efficiency: Crop Condition Data Retrieval and Evaluation (CADRE) from the U.S.
Department of Agriculture - Foreign Agricultural Service - Production Estimates and Crop
Assessment Division (PECAD)

Air Quality: Community Multi-Scale Air Quality Modeling System (CMAQ) and Air Quality
Index Forecasting from the Environmental Protection Agency (EPA)

Aviation: Aviation Weather Information Network (AWIN) and Synthetic Vision System (SVS)
components of the National Airspace System (NAS) from the Federal Aviation Administration
(FAA)

Carbon Management: tools developed to implement Section 1605(b) of Energy Act of 1992:
Voluntary Sequestration of Greenhouse Gases from the U.S. Department of Energy

Coastal Management: Harmful Algal Bloom (HAB) Mapping System (HABMapS) and HAB
Bulletin from the U.S. Department of Commerce - National Oceanic and Atmospheric
Administration (NOAA)

Disaster Management: Hazards U.S. (HAZUS) from the Federal Emergency Management
Agency (FEMA)

Energy Management: RET Screen renewable energy project analysis software from the Natural
Resources Canada (NRCan)

Invasive Species. Invasive Species Forecasting System (ISFS) from the U.S. Department of
Agriculture and the U.S. Geological Survey (USGS)



Public Health: Environmental Public Health Tracking Network (EPHTN), Arbovirus
Surveillance Network (Arbonet), and Malaria Modeling and Surveillance (MMS) from the Center
for Disease Control and Prevention (CDC)

Water Management: RiverWare river basin modeling software and Agricultural Water Resources
and Decision Support (AWARDS) from the U.S. Department of the Interior - Bureau of
Reclamation, and Better Assessment Science Integrating Point and Nonpoint Source (BASINS)
from the EPA

The FY 2003 systems engineering approach consisted of evaluation, verification & validation, and
benchmarking of the DSSs. The intent of the evaluation process in FY 2003 was largely to increase
SSC/ESA’ s understanding of several DSSs in anticipation of partner meetings and detailed
requirements studies. Verification and validation (V& V) is undertaken to ensure quality of the
enhanced DSS. DSS results are verified by comparison to technical specificationsusingin situ
measurements and cross-comparisons with other DSSs, models, and data sources. Interactions with
the DSS end users allow SSC/ESA to validate whether the outcome of the enhanced DSS meets the
functional desires of the DSS owner. In general, V&V conducted in support of the National
Applications occurs on three levels. Data Product V&V, Model and Algorithm V&V, and DSSV&V.
Benchmarking of aDSSis a process of measuring the performance of the DSS according to specified
standards and reference points to document its value and to identify areas for improvements.

Ten lessons learned were identified during the FY 2003 DSS evaluations:

Successful use of NASA observations and predictions within DSSs often evolves from existing
science research performed in collaboration with agency partners.

The greatest opportunities for integrating NASA data into DSSs are often found with DSSs that
arein early development stages.

Many of the currently identified DSSs do not fit the Applications Program definition of DSS
(Appendix A).

It is often difficult to gain access to the appropriate persons to understand DSS operation and
technical requirements.

Synergy exists between many DSSs and applications.

The process to bring R& D technology and products to operational use requires significant
investments of time and funds.

DSS technical requirements and specifications are difficult to identify.

NASA scientistsin residence at operational agencies (or other agency scientistsresident at a
NASA center) can foster the incorporation of NASA inputs into operational environments.

DSS owners and DSS users are not always the same entity. Frequently the user/analyst
involvement will impact the DSS's operation in ways the owner/devel oper will not have
anticipated.

vi



NASA ESE Applications Program definitions for key terms, such as systems engineering,
evaluation, assimilation, and benchmarking, are not always consistent with commonly accepted
use of these terms.

Several key technology drivers and gaps affecting NASA’s ability to meet the DSS enhancement
needs were al so identified during the evaluation process:

Redundancy of systems providing NASA observations
Continuity of NASA systems and data products

Size and format of the remote sensing dataset

Availability of observationsin the thermal IR spectral range
Incorporation of application-oriented system specifications

Availability of particular product timescales

Based on the FY 2003 experiences and the lessons |earned, a modified ESA systems-engineering
approach is proposed to make it more effective in future activities. The proposed modifications
include (1) a better integration of the DSS selection process with the other processes that |ead to
assimilation of NASA observations and predictions into the enhanced DSS, and (2) athorough
investigation of alternative NASA inputs to the DSS by building NASA prototypes of the DSS
enhancements.

Vi






1.0 Introduction

In April 2002, the National Aeronautics and Space Administration (NASA) redefined its mission as
follows:

To understand and protect our home planet
To explore the universe and search for life
To inspire the next generation of explorers

...asonly NASA can.

Earth system science isthe first element of the NASA mission and it includes understanding the
Earth’s system and its response to natural and human-induced changes, investing in technologies, and
collaborating with others to improve the quality of life and to create a more secure world. Thus, the
mission of NASA’s Earth Science Enterprise (ESE) is:

To develop a scientific understanding of the Earth system and its response to
natural and human-induced changes to enable improved prediction of climate,
weather, and natural hazards for present and future generations.

Thismission isintended to increase our knowledge of the Earth as a system of interactive processes.
To accomplish this mission, the ESE has established a science goal to “ observe, understand, and
model the Earth system to learn how it is changing, and the consequences for life on Earth” (NASA,
2001). ESE missions and research seek to answer questions related to the Earth’ s variability, the
forces acting on it, the Earth’ s response, the resulting consequences, and improved predictions.

An important aspect of the Earth Science Enterprise is to ensure that results of ESE research and
technology produce positive impacts for the citizens of the world. Consistent with the ESE mission,
the Earth Science Enterprise Applications Program mission is as follows.

Expand and accelerate the realization of societal and economic benefits from
Earth science, information, and technology.

The ESE Applications Program contributes to the NASA vision by enabling individuals and
organizations in the public and private sectors to routinely deliver and use Earth science information
that saves lives, that improves the quality of life, and that saves resources through improved decision
making. The success of the ESE Applications Program is based on the degree to which it has
evaluated, verified and validated, and benchmarked the capacity of ESE results to serve national
applications through improved decision-support solutions.

The Applications Division of NASA'’s Earth Science Enterprise has defined 12 National Applications
that are the highest priority national needs and opportunities (NASA, 2002a, 2002b). The
Applications Division at NASA Headquarters (HQ) has also identified decision support systems
(DSSs) and decision support tools (DSTs) for the National Applications. The goal of the program is
to enhance the National Application DSSswith NASA observations from remote sensing



systems and predictions from computational models. While the list of the selected DSSsis
subject to change, this report includes those identified as of September 2003, as shown in Table 1.

Table 1. Decision support systems and tools asidentified by ESA*.

National L -
L Existing Decision Support Tools / Systems
Application
Agricultural ) ) L
- Production Estimates and Crop Assessment Division (PECAD)
Efficiency
Community Multiscale Air Quality modeling system (CMAQ)
Air Quality
Air Quality Index
National Airspace System (NAS)
Aviation Aviation Weather Information Network (AWIN)
Synthetic Vision System (SVS)
Carbon Tools developed to implement Section 1605(B) of Energy Act of
Management 1992 (EA92): voluntary sequestration of greenhouse gases
Coastal Harmful Algal Bloom Mapping System/Bulletin
Management (HABMapS/Bulletin)
Disaster . -
HAZUS Risk Prediction
Management

! In September 2003, NASA HQ decided to suspend the Community Growth application because of the time
required for development of national partnerships and decision support systems associated with this application.
Ecological Forecasting was included as a new application because this area provides opportunities to apply
Earth science measurements and predictions to decision support tools focused on ecological resources and
management of ecosystems.



National
Application

Existing Decision Support Tools / Systems

Ecological
Forecasting

Regional Visualization and Monitoring System (SERVIR)

Energy
Management

RETScreen

Natural Resources Canada (NRCan)

Homeland
Security

None identified

Invasive . . .
) Invasive Species Forecasting System (ISFS)
Species
Environmental Public Health Tracking Network (EPHTN) / Health
and Environment Linked for Information Exchange (HELIX)
Public Health | Arbovirus Surveillance Network (Arbonet) / Plague
Malaria Modeling and Surveillance (MMS)
Rapid Syndrome Validation Project (RSVP)
RiverWare
Water Better Assessment Science Integrating Point and Nonpoint
Management | Source (BASINS)

Agricultural Water Resources and Decision Support (AWARDS)

The Earth Science Applications (ESA) Directorate at the NASA John C. Stennis Space Center (SSC)
in Mississippi provides crosscutting systems engineering support for the National Applications. The

mission of ESA is

To optimize benefits from NASA’s Earth science investments through systems
engineering to advance decision support tools that serve the nation.




Through systems engineering, ESA systematically assimilates results of ESE missions, models, and
technologies into DSSs and DSTs that affect policies and societal impacts. The Applications Division
framework for accomplishing its mission and the role of SSC/ESA are depicted in Figure 1.
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Figure 1. Applications framework and the role of ESA Systems Engineering.

This document describes the work conducted by SSC/ESA in FY 2003 in beginning the evaluation of
several DSSs and the lessons learned from these activities. This document also proposes improved
processes for selection, evaluation, verification and validation, and benchmarking of DSSs.

2.0 FY2003 SSC Activities

As mentioned above, the evaluation, verification and validation, and benchmarking of ESE
observations and model predictions within DSSs are critical components of the Applications Program.
Definitions of the terms evaluation, verification, validation, and benchmarking are provided in
Appendix A. In general, the evaluation phase involves understanding the requirements for and
technical feasibility of Earth science and remote sensing tools and methods for addressing DSS needs.
The verification and validation phase includes measuring the performance characteristics of data,
information, technologies, and/or methods, and ng the ability of these tools to meet the
requirements of the DSS. In the benchmarking phase, the adoption of NASA inputs within an
operational DSS and the resulting impacts and outcomes are documented.



The SSC Earth Science Applications Directorate is using a systems engineering approach for the
assimilation of NASA data into the partner-agency DSSs. This standard systems engineering
approach is summarized in Figure 2 along with its relationship to the evaluation, verification and
validation (V& V), and benchmarking processes used in incorporating NASA contributions to
decision support systems and tools. Use of systems engineering principles leads to scalable, systemic,
and sustainable solutions and processes, which in turn contribute to the success of the mission, goals,
and objectives of each National Application.
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Figure 2. Systems engineering approach (adapted from Bahill and Gissing, 1998).

2.1 FY2003 Evaluation Approach

The systems engineering approach starts with the Selection of a DSS that has been developed, or is
currently under development, by afederal agency that can potentially be enhanced by NASA
observations or predictions. During the FY 2003 activities, the DSS selection was made at NASA HQ,
and the SSC work began with the Evaluation process (outlined in Figure 3). The intent of this process
in FY 2003 was largely to increase SSC’ s understanding of several DSSs in anticipation of partner
meetings and detailed requirements studies. The evaluation process began with the development of a
one-page summary giving a short description of the DSS function, the Federal agency owner, the
national application involved, point of contact (POC) information, operational status, and a cursory
look at potential use of NASA data. For the one-page summary, information was collected through
searches of open literature and the Internet, and by individual phone and e-mail contacts with people
familiar with the DSS. In addition to the DSSsidentified by NASA HQ, one-page summaries were
created for other decision support systems and tools with the potential to benefit from NASA inputs.
In this manner, a decision-support system knowledge base was built for use by application program
managers as a pool of potential opportunities for NASA. In total, more than 40 one-page DSS
summaries were created with a possibility for enhancement with NASA data from remote sensing
observations and computational modeling predictions. The one-page summaries are included as
Appendix D of this report.



In the next step, afirst-look evaluation was performed starting with information from the one-page
summary. Thisfirst-look evaluation assessed relevance of the DSS to a national application and its
synergy with other DSSs and national applications. Technical requirements for inputs and outputs of
the DSS were also identified to alow for prediction of NASA contributions to the DSS. In addition,
the first-look evaluation defined the next steps toward a possible NASA partnership with the DSS
owner (e.g., Federal agency visit). Additional follow-up conversations with the DSS owner and
people familiar with the DSS were conducted by phone when necessary. A strong knowledge of the
existing ESE inventory of missions, sensors, products, and models is a valuabl e resource during the
evaluation.

This ESE missions, sensors, products, and models inventory was developed to facilitate
communications between NASA' s Earth Science Enterprise Applications Division and its partners,
specifically owners and operators of decision support systems. The material is directed at operational
users (e.g., other agencies) rather than scientists, and it isintended to capture information relevant to
these operational users. The inventory includes several hundred dlides presenting top-level
information on missions, sensors, data products, and models within NASA, other government
agencies, foreign governments, and the commercial sector. The inventory slides are shown in the
document accompanying this report.
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Figure 3. SSC evaluation steps.



2.2 Results of First-look Evaluations

The ESA Directorate has conducted first-look evaluations for several DSSsidentified by NASA HQ:

Crop Condition Data Retrieval and Evaluation (CADRE) for Agricultural Efficiency,
Hazards U.S. (HAZUS) for Disaster Management,

Agricultural Water Resources and Decision Support (AWARDS) for Water Management,
RiverWare for Water Management,

Community Multi-Scale Air Quality Modeling System (CMAQ) for Air Quality,

Harmful Algal Bloom (HAB) Mapping System and Bulletin for Coastal Management.

Some of the first-look evaluations were requested by the application program managers, while the
others were undertaken to build SSC’ s knowledge and capacity to support assimilation of NASA
inputs within the various application areas. Brief descriptions of the DSSs and results of the first-look
evaluations are provided below. Compl ete presentations regarding the first-look evaluation results are
included in Appendix E.

CADRE/PECAD isageospatia database management system used by analysts of the U.S.
Department of Agriculture (USDA), Foreign Agricultural Service (FAS), Production Estimates and
Crop Assessment Division (PECAD) for assessments of global crop conditions and for estimates of
area, yield, and production for grains, oilseeds, and cotton. Datasets stored in CADRE include daily
meteorological observations from weather stations and satellites, crop modeling results, and remote
sensing imagery/products from the following satellite sensors: the National Oceanic and Atmospheric
Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR), and SPOT
VEGETATION. During the first-look evaluation, it became apparent that CADRE is only one part of
a broader decision-making environment at PECAD. That environment can be enhanced with several
MODIS land data products as well as with precipitation and rainfall data from the Tropical Rainfall
Measuring Mission (TRMM), ajoint effort of NASA and the National Space Development Agency of

Japan.

HAZUS isanatural hazard | oss estimation methodology supported by the Federal Emergency
Management Agency (FEMA) and implemented through PC-based geographic information system
(GIS) software. HAZUS was first devel oped to assess the effects of earthquakes but has now
expanded to include models to address flooding and wind (hurricane) hazards (multi-hazard
methodology: HAZUS-MH). HAZUS is mainly used by federal, state, and local government officials
for risk assessment and mitigation planning. The first-look evaluation determined that the best
opportunity for NASA contribution would be in validation of an improved wind damage model being
developed for HAZUS. The validation is based on comparison of surface roughness estimates based
on digital elevation models (derived from Light Detection and Ranging, Interferometric Synthetic
Aperture Radar, or aerial photography measurements), flux tower anemometer measurements, and
land cover/land use models derived from high-spatial-resolution remote sensing imagery.

AWARDS has been developed by the Bureau of Reclamation of the U.S. Department of the Interior.
This DSS improves the efficiency of water management and irrigation scheduling by providing
guidance on when and where to deliver water and how much to apply. It is based on data streams
from the Next Generation Weather Radar, or NEXRAD, radar network (hourly precipitation and daily



rainfall) and the NOAA weather stations (daily observations). Reservoir system operators, water
district managers and staff, and irrigation organizations use AWARDS system products via the
Internet to make operational decisions. The ET Toolbox extension of AWARDS generates
evapotranspiration estimates and provides water use inputs for the RiverWare DSS that supports
water management decisions. NASA is aready involved in the AWARDS enhancements through the
Land Data Assimilation System group at the Goddard Space Flight Center. This group is working on
integration of the North American Land Data Assimilation System into the ET Toolbox to improve
water operations. Another NASA contribution may be in the form of validation of the
evapotranspiration estimates based on cross-comparison of AWARDS/ET Toolbox predictions with
flux tower measurements and model calculations derived from remote sensing imagery.

RiverWareis aflexible genera river basin modeling tool that allows water resources engineers to
simulate and to optimize the management of multipurpose reservoir systems. The software was
developed at the University of Colorado with support from the U.S. Bureau of Reclamation (USBR)
and the Tennessee Valley Authority (TVA). The USBR has replaced both its long-term policy and
planning model (Colorado River Simulation System) and its mid-term operations model (24-Month
Study) for the Colorado River with RiverWare rule-based simulation models. These models are used
for policy negotiations, for estimating future salinity mitigation needs, and for setting the monthly
target operations for the entire river basin. The TV A uses RiverWare in simulation and optimization
modes for daily scheduling of more than 40 reservoirs and hydroelectric plants. Operating
considerations include controlling floods, maintaining navigable depths, protecting aquatic
communities, providing suitable levels and releases for recreation, and achieving economical
hydropower generation schedules. Many other federal, state, and local government agencies also use
the RiverWare software for water management purposes. First-look eval uation results suggest that
NASA measurements of air temperature, solar irradiation, and precipitation may enhance this DSS.

CMAQ has been developed by the Environmental Protection Agency (EPA) for modeling of multiple
air quality issues, including tropospheric ozone, fine particles, toxics, acid deposition, and visibility
degradation. CMAQ is designed to have multi-scale capabilities so that separate models are not
needed for urban-scale and for regional-scale air quality modeling. CMAQ is used by many
government agencies and by other organizations both in the United States and abroad. Many NASA-
generated datasets are already used in CMAQ, but CMAQ might assimilate additional NASA
measurements, such as those of atmospheric particles and trace constituents as well as of
extraterrestrial irradiation.

HAB Mapping System and Bulletin: The HAB Bulletin provides information to the management
community in the Gulf of Mexico during abloom event. HABMapS is an interactive mapping tool
that can be used to access recent data on harmful algal blooms in the Gulf of Mexico and on the
environmental conditions that may affect the spread of these blooms. Both tools rely on remote
sensing technology to provide the large spatial scale and high frequency of observations required to
assess bloom location and movements. These tools can be used together to provide aregional
perspective on harmful algal bloom events.

Additional first-look evaluations were conducted in support of the Coastal Management National
Application. To expand the opportunity pool of DSSs considered for enhancement with NASA data,
the following decision support systems and tools were investigated:

Better Assessment Science Integrating point and Nonpoint Sources (BASINS),



Cora Reef Environmental Warning System (CREWYS),

General NOAA Oil Modeling Environment (GNOME),

Protected Area Geographic Information System (PAGIS),

ReefBase,

System on AWIPS for Forecasting and Evaluation of Seas and Lakes (SAFESEAYS),
Spatial Wetland Assessment for Management and Planning (SWAMP),

Water, Soil, and Hydro-Environmental Decision Support System (WATERSHEDSS).

Among these DSSs, ReefBase has the greatest potential to benefit from NASA contributions.
ReefBase is owned by the World Fish Center, an autonomous, non-governmental, nonprofit,
international scientific and technical center organized to conduct, stimulate, and accelerate research
on al aspects of fisheries and other living aquatic resources. The operational concept of ReefBase
includes devel opment of arelational database for structured information on coral reefs that will serve
as a computerized encyclopedia and analytical tool for use in reef management, conservation, and
research. NASA contributions to the ReefBase enhancement may consist of supporting an ongoing
effort to populate ReefBase with satellite and aircraft imagery of the world's coral reefs and
developing standard indicators (based on satellite imagery) of reef health, productivity, and economic
value.

During FY 2003, ESA Systems Engineering also supported evaluation and, in some instances,
benchmarking of decision support systems and tools for the Public Health and Air Quality National
Applications as well as those utilized by the TVA. The Public Health Applications Team activities
were described in the SSC FY 2003 Report of Activities. Initial technical meetings were held with
representatives from the Center for Disease Control and Prevention's (CDC) National Center for
Infectious Disease (NCID) and National Center for Environmental Health (NCEH). Each group met
with NASA separately to evaluate and discuss technical requirements, capabilities, and areas of
opportunity for collaboration whereby Earth science and remote sensing could be used for public
health decision support. Reports of Findings from both meetings were generated for NASA HQ
program planning purposes. Benchmarking of MODI S data products for Air Quality Index PM2.5
Forecasting is currently underway, and an ESA team will document these efforts by November 2003.
Another ESA team investigated the potential for collaborative projects between NASA and the TVA
under those National Applications of interest to the TVA. NASA observations of atmospheric trace
gases and surface temperature were considered as inputs to DSSs and DSTs used by the TVA. A
prototype data product that incorporates information from NASA data has been developed as well.

2.3 In-depth Evaluation and Reverse Engineering

After afirst-look evaluation was completed and evidence suggested that the DSS had potential to
benefit from NASA observations and predictions, an in-depth evaluation began in partnership with
the DSS owner (Figure 4). The FY 2003 activities were concentrated on conducting in-depth
evaluations for two DSSs: HAZUS and CADRE/PECAD. The DSS missions were researched
thoroughly to determine their operational requirements, funding profiles, relationships to the national
applications, relevance of NASA capabilities, and understanding of DSS applicability to NASA
partnership criteria as defined in the ESE Applications Strategy (NASA, 2002a). Once these items
were addressed, the DSSs were reverse engineered by NASA personnel to develop specifications that



could improve the DSS solutions, identify important measurements and models, and assess existing
NASA assets (Figure 5). During this phase, the NASA team answered questions such as these:

DSS Mission > Reverse Engineering Process
» Operational Requirements + Develop specifications that can improve DSS
solution

* NASA Partnership Criteria

. Stake Holders + |dentify important measurements & models

- Funding Profile + Assess existing assets

» What missions will provide

» Related National Application
measurements?

» Relevant NASA Capability

# What models or computational
technologies are available?

» What information systems are
necessary?

» ldentify gaps for ESTO potential
investment?

Figure 4. In-depth eva uation.
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Figure 5. Reverse engineering paradigm (NASA, 2002a).

What missions will provide measurements?
What models or computational technologies are available?
What information systems are necessary?

How can NASA data, products, or models be modified to serve better the needs of the DSS?

As part of this process, alternative NASA inputs were al so investigated that hel ped uncover key
drivers and gaps in meeting DSS needs and requirements. These insights are intended to serve as
feedback to the Earth Science Technology Office (ESTO) for potential future investments.

Each complete evaluation process was documented with areport that defined the baseline DSS,
described requirements for improvements, and identified NASA products and modelsto be
incorporated. The evaluation reports were based on the following outline:

Background description of DSS; What isit? How does it work? Who uses it?
Detailed description of DSS: Architecture, modules, inputs, outputs, technical details, etc.
Possible NASA inputs and description of how inputs would be used

o0 Discussion of al the possible measurements and predictions, including those for
which specific implementation plans exist

11



0 Planned dataflow charts when available
Identified NASA technology gaps in meeting DSS needs
Recommendations/Next Steps:

0 Preliminary (conceptual) plans for implementation, V&V, and benchmarking of the
DSS

The evaluation reports created for the PECAD/CADRE and HAZUS DSSs are provided in documents
separate from this report.

2.4 Verification, Validation, and Benchmarking

As described above, the majority of FY 2003 activities centered on beginning the evaluation of several
DSSs. In addition, initial processes for the V&V and benchmarking phases have been defined as
outlined in Figure 6.

The V&V component to this systems engineering approach is closely connected with the design and
implementation phase. During this phase, NASA capabilities are integrated into the DSS to generate
products, solutions, and outputs. To ensure the quality of the output, results are verified by
comparison with technical specifications using in situ measurements and cross-comparisons with
other DSSs, models, and data sources. Furthermore, NASA then interacts with the end users to
validate whether the outcome of the enhanced DSS meets the functional desires of the DSS owner.

In general, verification and validation conducted in support of the National Applications occurs on
three levels:

Data Product V&V,
Model and Algorithm V&V, and
DSSV&V.

The V&YV process levels may be viewed collectively as a pyramid, shown in Figure 7, with the Data
Product level as afoundation and with the DSS level at the top. In this sense, data products must be

well understood and characterized to provide meaningful input into NASA’s models and algorithms,
which must be verified and validated before they are input into DSSs. DSSsin turn must be verified
and validated to ensure they are meeting national needs and requirements.

12



Design & Launch Phase

* Integrate NASA
capabilities into DSS

+ Generate DSS products,
solutions, outputs

V&V
« Verify Results — compare to
technical specifications

* In situ measurements

» Cross — comparisons
to other DSSs, models,
other data sources

+ Validate — Does it meet
functional desires?

* Interaction with end
users

Benchmark

* Measure/Quantify impact of
result of NASA input

+ Cost to operate/cost
savings

* Time to product results

+ Accuracy, quality, and
reproducibility of results

+ Socioeconomic impact

+ Fills a previously
unmet need

Figure 6. V&V and benchmarking phases.

V&YV activities undertaken on the Data Product level investigate resolution and accuracy of data
products derived from observations made with sensors deployed during ESE missions or from
predictions made with Earth system modeling and simulations. These V&V activities are a critical
stepinthe V&V praocess because al subsequent steps build upon this foundation. As part of these
V&YV activities, interaction with the ESE Earth Observing System (EOS) calibration/validation
(cal/val) community will take place to understand and translate better the state of the ESE data
product validation. New NASA products may be devel oped that are specific to a particular DSS, and
they must be validated as well.

On the Modd and Algorithm level, V&V activities focus on determining that a model implementation
accurately represents the developer’s conceptual description and specifications, and that the model is
an accurate representation of the real world from the perspective of the intended uses of the model. In
these activities, simulated data products are often used instead of actual products to control key data
product parameters and to study their effects on model predictions. The simulated data products can
be generated with such tools as the Applications Research Toolbox (ART) (Zanoni, 2002). While
validation on the Data and Product Characterization level can be seen as a process of validating direct
results of observations, validation on the Model and Algorithm level can be thought of as a process of
validating indirect results and predictions created from the observations. In this sense, the Model and
Algorithm level validation also requires conducting advanced laboratory and field experiments
supported by state-of-the-art instrumentation (Ryan, 2002). NASA has been conducting such work as
part of the Scientific Data Purchase V&V and EOS cal/val team activities and is well equipped to
support it in the future (Pagnutti, 2002).
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Figure7. V&V pyramid.

Onthe DSSlevel, V&V activities focus more on the software engineering methods discussed above.
Asthe DSS enhancements are undertaken in partnership with other federal agencies and
organizations, methods used by the DSS owners to verify and validate outputs of their DSSs are
applied again to the DSS enhanced with NASA inputs. While DSS operations rely on processing of
many datasets and on combining outputs of many models, some direct field experiments may still be
conducted to validate the enhanced DSS results.

When the DSS is a computer program that analyzes and presents data so that users can make
decisions more easily, then V&V of the DSS can be based on testing methods devel oped for software
engineering. To perform its functions of analyzing and representing data, such a DSS incorporates a
model of the realm for which the decision-making takes place. In this context, verification of the DSS
isaprocess of determining that a model implementation (coding) accurately represents the

developer’ s conceptual description and specifications, while validation is a process of determining the
degree to which the model is an accurate representation of the real world from the perspective of the
intended uses of the model (DoD, 2003). V&V of the DSS enhancement involves only those parts of
the software that are being enhanced by assimilation of NASA ESE data and products. The V&V
processes intertwine with the process of implementing the enhancements and include the following
steps:
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When rudimentary functionality for using ESE datasets is implemented in the DSS, experiments
with small representative datasets are conducted.

After functionality for using the ESE datasetsin the DSS isimproved, experiments with full-scale
datasets are performed.

With functionality for using ESE datasets in the DSS adjusted to conform to NASA data
interfaces, experiments with actual datasets using simulated interfacesto existing ESE systems
are conducted.

When a prototype of the enhanced DSS is completed, validation and benchmarking with actual
datasets in the simulated environment can be performed.

Inthefinal V&YV step, the prototype of the enhanced DSS is made available for demonstration
and testing using operational interfacesto ESE datasets.

The final component to this systems engineering approach involves benchmarking the enhancements
made by NASA on the partner-owned DSS. During this final phase, the impact of NASA input on the
DSS output is measured and quantified. The measurements include such tangibles as the cost to
operate; the time to produce results; the accuracy, quality, and reproducibility of DSS results; the
socioeconomic impact; and the enhanced DSS's ability to fill a previously unmet need of the DSS
owner.

Benchmarking of aDSSis a process of measuring the performance of the DSS according to specified
standards and reference points to document its value and to identify areas for improvements. A
benchmark denotes awidely recognized reference point by which performance of other systemsis
measured, compared, and evaluated. If a standard reference point does not exist, then benchmarking
refers to measuring the performance to establish a standard of reference. In the case of DSS
enhancements, assessing performance of an original DSS without enhancements being implemented
first creates the baseline benchmark, and then performance of the enhanced DSSis assessed and
compared with the baseline.

The benchmarking component should make use of existing techniques widely used within the
community that owns the now-enhanced DSS. These existing techniques need to be reviewed,
understood, and possibly augmented to ensure that they properly measure the NASA enhancements
before they are used as atool. By embracing partner benchmarking tools and techniques, NASA ESE
improves the likelihood that our partners will become familiar with the benchmarking process and
results, accept the results, and take ownership of the results. In addition, making use of already
existing applicable benchmarking techniques is a more cost-effective way of measuring the
enhancements that NASA ESE has made to the DSS.

3.0 Lessons Learned

The SSC FY 2003 evaluation activities have produced several lessons learned, which are described
below in no particular priority or order of importance.

Lesson 1. Successful use of NASA observations and predictions within DSSs often evolves
from existing science resear ch performed in collaboration with agency partners.
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Lesson 2.

Lesson 3.

16

NASA isaready involved with some DSSs. For example, some of the MODIS
Science Team members and their peers are either directly or indirectly collaborating
with owners of DSSs using MODI S data. The MODIS Land Rapid Response system
for forest fires monitoring, in collaboration with the U.S. Forest Service, is the best
example of such work. Some of these and other heritage efforts should be mined and
aigned with the new National Applications approach to continue the most successful
activities and leverage from existing research and relationships.

Recommendation: Identify and continue supporting existing, DSS-related NASA
projects that produce valuable results.

The greatest opportunitiesfor integrating NASA data into DSSs ar e often found
with DSSsthat arein early development stages.

Most of the DSSs examined are mature. It is sometimes more difficult to insert
NASA data into mature systems for the following reasons:

1) Limited flexibility in the DSSto allow integration of aternate data sources with
scale and data formatting issues.

2) Resistance from operational users. When a DSS is being used operationally, the
owner/user may be hesitant to introduce any changes in the input for fear of the
resulting changes in the output.

On the other hand, if the DSS developers are introduced to the NASA dataearly in
the DSS' s devel opment, the DSS can be built with NASA data/modelsin mind and
the DSS can grow with the NASA data, maturing into a product with which the
owner/user is comfortable. Thisfact isillustrated by the development of some of the
DSSs where the devel opers made that linkage with NASA' s data early on. For
example, NOAA’'s HABMapS uses satellite data from NASA’'s QUikSCAT
SeaWinds instrument to help monitor harmful algal bloomsin the Gulf of Mexico.
Thus, to make the most significant impact on aDSSiit is best to get involved in the
embryonic stage of development and work through the process (typically 5to 7
years) with the collaborators and DSS developers. To insert NASA into aDSS at the
end of the process will normally be very difficult.

Recommendation: Seek opportunitiesto work with DSSsin their early stages.
Examples: ReefBase, the Environmental Public Health Tracking Network (EPHTN),
and HAZUS-MH.

Many of the currently identified DSSs do not fit the Applications Program
definition of DSS (Appendix A).

A majority of the DSSs studied do not perform a decision-related function, such as
applying amodel or performing analysis. They simply incorporate datainto a GIS
environment to make the data easier to view. Decisions are supported only in the
sense that being able to view data at common scales and in a user-friendly
environment makes life easier for a decision-maker. In addition, many DSSsfal into



L esson 4.

L esson 5.

L esson 6.

the category of outreach. Agencies have outreach activities that seek to generate
interest in their functions by students and the public. Many of the DSSs appear to
satisfy an outreach role, but they do not support operational decisions. NASA’s
systems engineering team cannot anticipate the array of “decision-making
capabilities’ that it will encounter in the future. For example, primary role of human
element (analysts) in the PECAD decision support process makes quantitative
benchmarking more difficult. However, the team will learn to make the distinction
between actual DSSs and other management tools that do not fit the Applications
Program definition of aDSS.

Recommendation: In addition to theterm “DSS,” use terms such as “ decision
support tools,” “decision support environment,” “decision making processes,” and
others to describe more accurately the tool being evaluated. Ensure that definitions of
the new descriptive terms are documented for use with similar proceduresin the
future. Additionally, when the evaluation team encounters a tool that does not
support decision-making or fit the definition of a DSS, it should seek guidance on
NASA'sinterest in participation.

It isoften difficult to gain accessto the appropriate personsto understand DSS
operation and technical requirements.

To truly understand a DSS' s operation and technical needs, detailed conversations
with DSS developers and operators are required. In many cases, programmatic issues
have caused delays in identifying the appropriate persons and in scheduling detailed
discussions. In these cases, the NASA systems engineering teams have used the
Internet and other public sources to access information. However, the Internet can be
amisleading source of information. Many Web pages are out of date by severa
years.

Recommendation: Empower the NASA system engineering teams to establish
personal contacts for accessing detailed DSS information.

Syner gy exists between many DSSs and applications.

Public Health and Air Quality overlap in that poor air quality (e.g., smog, ozone) has
anegative impact on respiratory health. Water Management practices impact
irrigation potential for Agricultural Efficiency, and agricultural practices (e.g., use of
fertilizer) affect water quality. Many opportunities exist to find cross-cutting
solutions to multiple applications and DSSs. |dentification of synergies has been
enabled by an independent systems engineering team providing support to all
applications and DSS evaluations.

Recommendation: Continue to have an overall systems engineering team that
provides support to all applications so that NASA can identify opportunities to
exploit synergy as athird-party broker between related DSS and application partners.

Theprocessto bring R& D technology and productsto operational use requires
significant investments of time and funds.
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Lesson 7.

L esson 8.
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NASA products have been designed to answer science questions at a global scale and
not necessarily to support operational applications that often have regional or
location-specific requirements. For example, many MODIS products are several-day
composites gridded at spacings much greater than the intrinsic data. For many
regional problemsit will be advantageous to have 1 km resolution or better products
produced daily or in near real time. In other cases, applications research activities are
needed to bring NASA measurements and model outputs into DSSs. These examples
require funding and time for applications research, new product development, and
V&YV before integration within a DSS can begin.

Recommendation: Create rapid prototype product capability that can develop new
application-specific products to be generated by direct broadcast receiving stations or
the current Distributed Active Archive Centers (DAACS).

Recommendation: Provide seed funding for applications research to move NASA
research outputs into operational environments.

DSStechnical requirements and specifications ar e difficult to identify.

DSS owners/operators may not have a compl ete understanding of the technical
requirements for remotely sensed data and information. Very few systematic studies
have been performed that produce true input specifications for DSSs. For example,
the data types and the remote sensing requirements for spatial, spectral, and temporal
resolutions are not well known for many applications. This creates difficulty in
understanding the needs of the DSS and the limitations of proposed data
sets/products a priori. The lack of requirements definition limits the ability to select
appropriate technologies to meet DSS needs and to make recommendationsto ESTO
about the specifications of new systems.

Recommendation: NASA must take the lead in working with other agenciesto
devel op specifications for improvements/enhancements or for development of new
DSSs.

NASA scientistsin residence at operational agencies (or other agency scientists
resident at a NASA center) can foster theincorporation of NASA inputsinto
operational environments.

As mentioned in Lesson 6 above, new product devel opment and/or applications
research is often needed to transition a NASA research output into an operational
DSSinput. Thistype of research, done collaboratively with a partner agency, can be
greatly facilitated by resident scientists from NASA working together on a daily basis
with operational users to understand technical requirements, and to develop and test
NASA inputs to serve partner needs.

Recommendation: NASA should leverage from and seek opportunities for detail
assignments with partner agencies to further accelerate applications research and
operational use of NASA observations and model predictions.



L esson 9. DSS ownersand DSS users ar e not always the same entity. Frequently the
user/analyst involvement will impact the DSS's operation in waysthe
owner/developer will not have anticipated.

There are instances where the DSS developer is not the user (or at least not the only
user) of the DSS they develop. For example, RiverWare is owned and used by the
U.S. Bureau of Reclamation and the Tennessee Valley Authority. It is supported,
maintained, and continually enhanced by the University of Colorado's Center for
Advanced Decision Support for Water and Environmental Systems. However there
are 19 other separate RiverWare users identified in Appendix E. A similar scenario is
true for HAZUS. All of these stakehol ders influence the operation of the DSS and are
potentially impacted by changes in the DSS. They should be represented in the
evaluation, V&V, and (especially) benchmarking processes.

Recommendation: Form additional partnerships with users of the DSS so effective
and truly representative benchmarking can be done.

L esson 10. NASA ESE Applications Program definitions for key terms, such as systems
engineering, evaluation, assimilation, and benchmarking, are not always
consistent with commonly accepted use of these terms.

Some NASA definitions are confusing to partner agencies and operational users. In
addition, a certain amount of inconsistency exists within the NASA Applications
teams on the use of these terms. In most cases, commonly accepted definitions can be
found through simple Internet and literature searches.

Recommendation: NASA should develop asimplified set of key terms and
definitions that are consistent with commonly accepted (i.e., outside of NASA) uses
of such terms.

4.0 Key Drivers and Gaps

While many current observations from NASA missions and predictions from NA SA-supported
computational models can be used to enhance decision support systems and tools from other agencies,
some gaps in meeting DSS needs till exist. General technology gaps are briefly discussed below.
Gaps in more specific technologies are described separately in the specific DSS evaluation reports.

System Redundancy: Partner agencies with operational DSSs are naturally concerned about
redundancy in crucial data sources. Agencies that rely on DSSs (and on the data that feed them)
cannot afford an unrecoverable loss of data. When any critical source of datafails, a replacement
system must continue to provide the necessary data for the DSS and for the partner agency. If
NASA's data sources were to be critical to the DSS's operation, NASA would have the same
constraints. Partner agencies are concerned about the lack of backup systemsto NASA data sources.
Consider, for example, that Landsat 7 ETM+ has only an inferior backup system provided by
Landsat 5 TM versus the redundancy in weather satellites such as NOAA'’s Geostationary Operational
Environmental Satellites (GOES) and Polar Operational Environmental Satellites (POES) (not to
mention the Defense Meteorological Satellite Program, Meteosat, etc.). If one of these satellitesfails,
another satelliteistypically in preparation for launch. Such operational backup systems do not exist

19



for most NASA EOS satellites. The thought is that many NASA measurements can provide data for
applications research, but not for applications operational deployment.

System and Product Continuity: Incorporation of NASA inputs into an operational environment
will also depend on the long-term availability of that input. Partner agencies are often concerned that
there islittle continuity in NASA data sources, and termination of a current mission resultsin an
unrecoverable loss of data for the partner agency. For NASA input data to be accepted into an
operational DSS, afollow-on mission (satellite, sensor) must be clearly defined and a commitment to
the mission must be made. Alternatively, some partners are more concerned with “product continuity”
rather than “system continuity.” For example, a partner interested in using a data product currently
available from a short-term mission/sensor might be satisfied with a similar product created from
another mission/sensor available in the long-term. Referring to the weather satellites again, although
neither GOES nor POES can perform the other’ s job as well as its own, the meteorol ogical
community does not hesitate to use data from either satelliteif the other fails and critical datafor
operational forecastsis needed. Moreover, commercia and foreign data sources also have potential to
fill gapsin system and product continuity.

Data Size and Format: The EOS dataformat is not easily incorporated into many operational
environments. Besides data in the HDF/HDF-EOS format, ESE datasets should be produced in
formats more widely accepted in the GIS software. In addition, partner agencies often desire
reasonably sized datasets that can be easily managed and manipulated without requiring state-of -the-
art computational systems. A solution to this problem may be a new, applications-oriented DAAC
that will process (reformat) and resize the datasets and will distribute them to partner agencies and
local/state government users.

Thermal IR: Many operationa applications use thermal infrared (TIR) or mid-wave infrared
(MWIR) data, although traditionally TIR has been used more than MWIR. For example, TIR datais
used for evapotranspiration measurements in agricultural monitoring. TIR data can also be used by
water management agencies such asthe TVA to monitor water temperatures in power plant
operations. MWIR datais useful in forest fire management because it can see through smoke and
identify hot spots. MODI S provides a source of MWIR data that should continue into the near future;
however, TIR support is not scheduled to continue. Many applications, such as agricultural
monitoring, depend on this type of data.and will be affected by lack of follow-on to the Terra
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) sensor and lack of the
thermal IR band in the Landsat Data Continuity Mission (LDCM). NASA must invest in TIR satellite
observations with moderate spatial resolution (<100 m GSD).

System Specifications: Application needs must be taken into account when specifications for a new
mission are developed. Many NASA missions could provide very useful measurements for the
National Applications, but such crucial mission specifications as coverage area, revisit time, and
spatial resolution are insufficient for the application requirements. For example, the TRMM rain
measurements could be even more useful if available for higher latitudes, and future Landsat datasets
would find more applicationsif produced with arevisit time shorter than 16 days by using multiple
Landsat satellites on shifted orbits.

Product Timescales. Many NASA data products are produced on timescales that are not consistent
with the needs of agiven DSS. For example, certain MODI S data products that have potential
application in the PECAD agriculture decision-making environment are produced on 8- and 16-day
timescales. However, PECAD uses a 10-day timescale to produce its agricultural production
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estimates. In such cases, investments in new product development (e.g., a 10-day MODI'S product)
may be necessary to meet the needs of operational users.

5.0 Proposed DSS Selection, Evaluation, V&V, and Benchmarking
Processes

Based on experiences and lessons learned in FY 2003, an improved process for selection, evaluation,
verification and validation, and benchmarking of DSSs s proposed. The proposed processis
presented here in two parts. the DSS selection process and the DSS evaluation, verification &
validation, and benchmarking process.

5.1 DSS Selection Process

Figure 8. Assimilation approach (Kaupp et al., 2003).
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The objective of the DSS selection process is to establish a disciplined, analytical approach for
determining which opportunities offer the best chance for successful assimilation of NASA science,
data, technology, and/or models that meet DSS requirements and offer significant enhancement of
DSS capabilities. The selection process focusis the preliminary stages of the “ Approach To
Assimilation” proffered by Kaupp et a., 2003 (Figure 8). The major objectives of the preliminary
stages are to identify DSSs, to conduct zero-order assessments, and to identify the assimilation
potential of the NASA-offered observations and predictions. Aswill be seen, the selection process
discussed in this section aligns with the concepts embodied in the cited reference.

5.1.1 Opportunity Identification

The selection process begins by identifying opportunities and candidate DSSs that may benefit from
the assimilation of NASA observations and predictions. Opportunity identification can/will come
from awide variety of sources (see Figure 9). Few if any restrictions are applied at this juncture. The
goal issimply to collect general information (e.g., technical and non-technical, name, location,
intended purpose) concerning the DSS. The information sources are equally unrestricted. Virtually
anyone who has an interest in the DSS, the problem it addresses, and/or the science technology
involved may provide input, which develops a potential opportunity pool from which to begin the
selection process. This open method of collecting DSS identification information will soon yield a
large number of potential opportunities, which burdens the methodol ogy with selecting a high-quality
subset that offers high potential for success. Succeeding paragraphs discuss that methodology.
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Figure 9. DSS opportunity identification.
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5.1.2 Selection Steps

The DSS selection process is based on lessons |earned from working DSS-related issues during

FY 2003 (the Baseline) and from a model? for business development used in the aerospace and
defense industry for the front-end analysis of business opportunities. In the latter process, the front-
end analysis focuses on selecting opportunities with the highest probability of success, which is
precisely the issue faced regarding the selection of DSSs wherein the assimilation of NASA science,
data, technology, and/or models offers the best chance of success. As depicted in Step 1 of Figure 10,
the process begins with the NASA Assimilation Team (AT), which has responsibility for the entire
process, investigating the DSS opportunity pool to identify specific opportunities that appear to have
a high probability of successful assimilation of NASA observations and predictions. This decision
will be based primarily on the requirements of the DSS, as driven by its mission, goals, and/or
objectives. The key question is: “Can NASA science, data, technology and/or models help in meeting
DSS requirements?’

4 —.
Stant )
5. Develop MNAEA 6. Mest
Fre-PartmeringlAssimilation with D88 Ownars/
P lan Hakeholders
1. ldendify Fotential __.-l\
YES >
DE5 Assimiation : L ‘“H-.H
Opportunities from the il =y {_..-f‘ . T . g b
Dpporiunity Pool - T ; artnership
¥ M _._f"f 4, Maowt TG ] J_J_.--""
3 PURSLE B S P
e, Criterla? o (" Stop
y : "'\-\. .-.__,.-' '..EB e
[ Hop. | HI__
2, Develop Joint
FartneringlAssimilation
- | Plan and “Contract”
- H"'-\.
NG 7 2 Mest T YES 3. |dentify DSS
+ INTEREET | Owner Agency POC il
T Crtwlat Collect Additiconal Crata
L_ Pt 9. Begin DSS
i Stop A i Baaimilatian
Process

Figure 10. DSS selection process.

% This model is based on experience in business development at Northrop Grumman and LTV
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The cognizant Application Program Manager will form the NASA AT. Multiple teams may be
formed, but the teams should all operate under the guidelines outlined in this process to ensure
consistency of output. The composition of this team will cover the spectrum of required technical,
business, analytical, and interpersonal skills necessary for success. The team will be accountable for
its success. It isimportant to note that success in one form might be a successful partnership
agreement, while in another form success might be a decision not to pursue a particular DSS. This
selection process embaodies an approach to planning and analysis that will reveal these alternatives.

Table 2. Initial proposed DSS Interest Criteria.

Interest Criteria

Fit DSS/DST definition

Opportunity for partnership

DSS Characteristics
Current State (planning/prototype, operational, mature)
Mission, Goals, Objectives (clear)
Operational concept (feasible)
Required outputs (known and related to mission, goals, objectives)

Program plan (achievable)

Appropriate for NASA
Compatible with NASA Mission
Fits NASA investment portfolio

National applications-related

NASA technology meets DSS requirements (DSS enhancement potential)
(Includes ARL — see section 5.1.3 below)

NASA has science, data, technology and/or models that match DSS output requirements

NASA application maturity/readiness levels meet DSS timelines

Cost of Participation to NASA
Time

Dollars

Offers Measurable Outcomes

Barriers

The second step in the process is to determine if the DSS opportunity selected fully meets NASA
Interest Criteria. A set of Interest Criteria developed based on experience to date is provided in Table
2; amore detailed description of the Interest Criteriais provided in Appendix C. Thislist will be
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reviewed and validated in collaboration with NASA HQ and other Centers during FY 2004. These
criteriamight change over time, but it is essential that NASA apply a consistent set of interest criteria
that provide an objective basis for selecting the opportunities with the best chance for success and
best returns on NASA investment. Since DSS data and information at the beginning stages of the
selection process may be collected and analyzed absent the benefit of contact with an Owner POC,
the data will be less detailed than at later stages. However, the opportunity-rich environment still
requires a process that can éiminate high-risk low-value endeavors before significant resources are
expended.

Thefirst two criteriarequire only yes or no answers. A yes means continue, a no means stop (hence
“Go/ No Go"). For example, the system under investigation may meet the DSS definition (“Go") but
may not be suitable for a partnership (“No Go). Since only DSSs amenable to partnering for
assimilation of NASA observations/predictions are of interest, the system is dropped from further
consideration (and resource expenditure). A scoring and weighting scheme is proposed for
development in conjunction with NASA HQ and other Centersin FY 2004. This step may ssimply
quantify answers, which were arrived at subjectively; however, it ensures that there is a consistent set
of criteriato help decide which DSS opportunities to pursue. The remaining criteria should be scored
and weighted based on their importance to NASA.. Criteria development is an evolutionary process,
over time, the list and approach should be refinable and, ultimately, a methodology should be derived
to develop such dimensions as minimum scores and weighting factors.

All of the information may not be available early in the process, especially before contact with aDSS
POC (Step 3). IT IS, THEREFORE, IMPORTANT TO NOTE THAT THE INTEREST CRITERIA
WILL BE REVISTED AND REFINED THROUGHOUT THE SELECTION PROCESS to include
the Pursue phase (see below). Asimplied by this approach, aDSS may at first be of interest but, as
information/data are collected and analyzed, this interest-level evaluation may change from positive
to negative. The main point is that needed evaluation will be done before a DSS is selected for major
attention and investment. This approach is a mgjor improvement to the FY 2003 process where, in
many cases, selections were made before systematic evaluation was performed.

Having decided that NASA has avalid interest in enhancing a specific DSS, contact with the DSS
ownership must be established and a DSS POC must be determined (Step 3). To this point, the DSS
has primarily been examined based on open-source materials. Now direct contact and continuous
contact with the owner Agency is necessary. NASA and potential partners will discuss their desires
and intent and establish points-of-contact to facilitate the transfer of information. The purpose of
these stepsisto begin building a relationship and gathering of the detailed information needed to
make a decision to pursue a particular partnership.

With the help of the DSS owner POC, more in-depth information will be collected and analyzed to
decide whether to make major investments in pursuing a specific DSS. Just as not all opportunities
will passthe Interest Criteria test, not all opportunities will pass the Pursue Criteria. Aswith the
interest decision, a set of Pursue Criteria has been developed for use in the decision process (Step 4)
as shown in Table 3. Scoring for the Pursue Criteriawill be developed in FY2004. Many of these
criteriaare very similar to the interest criteria. This process is ongoing and the data/information will
be dramatically enriched, especialy since they will be based on detailed discussion with DSS owners.
Asthe processis refined the criterialists might merge, BUT THE NEED FOR BOTH INTEREST
AND PURSUE DECISIONSWILL REMAIN CONSTANT.
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Having analyzed the DSSs of interest and decided which DSSs are worth pursuing, it may be
necessary to further down select to optimize NASA’ s investment to those DSSs with the best
potential payoff. Resource availability will be the governing factor at this juncture.

Table 3. Initial proposed DSS Pursue Criteria.

Pursue Criteria

Fits NASA program (amplifies and refines earlier analyses, re: Appropriateness and program
considerations)

Funding/Fiscal feasibility
NASA Budget (Code YO)
DSS Budget (DSS Owner)

Stakeholders (Who is involved in DSS decisions beyond owners? What are the politics involved?)

NASA capability to meet DSS requirements

Probability of success
DSS
NASA science, data, technology and/or models for assimilation

NASA ARL meets DSS program plan

Partnering strategy is feasible

Dual-use potential (Is value for the proposed NASA science, data, technology and/or models in more
than one DSS?)

Potential socio-economic value

Developing aNASA pre-partnering and assimilation plan isthe next step (Step 5). This plan can take
avariety of forms, but will commonly be a presentation devel oped to fuel discussion with potential
partners. This plan is essential because it providesthe NASA AT with a starting position for the
formal partnering phase. This plan should detail NASA’s mission, goals, objectives, strategies, and
investment; e.g., how NASA believes the partnership could operate and how its observations and
predictions could be assimilated. This vision of the partnership’s future state will help NASA ensure
that both the partner agency and NASA’ s desired outcomes are realized.

Until this point, contact with the DSS owner has been informal and has been conducted primarily
through the POC. Now the formal process for entering into a partnership and determining how the
assimilation process should proceed will begin (Step 6). While it should be rare given the preparation
provided by our front-end assessment, it is still conceivable that the owner and/or NASA will decide
to stop the venture and not partner (Step 7). Should the partnership proceed, the development of a
joint plan and agreement (Step 8) will precede the assimilation process (Step 9).
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5.1.3 Application Readiness Level

NASA’sdesireisto show applicability of its data products to current and future national applications.
To facilitate this and to assist with planning and management of projects and investments, NASA
must develop a balanced portfolio of DSSs to be evaluated and enhanced. In this context, a balanced
portfolio will include DSSs that are easily and immediately enhanced as well as DSSs that will
require greater time and/or effort to enhance to ensure both short-term and long-term successes. A
significant step in the selection process (as described in Step 3 of Figure 10) is determining the
readiness of the DSS to accept NASA input as well as the readiness of NASA productsto be
assimilated into the DSS. Together, these two readiness states form the Application Readiness Level
(ARL). Ultimately, the ARL isanindicator of when an enhanced DSS may be ready to support a
given National Application.

While selecting DSSs for assimilation, varying degrees of DSS devel opmental maturity will be
encountered. Five (5) maturity levels or developmental phases can be assigned to agiven DSS:

1. Conceptua. During the initial phase, a statement of need or a requirements document is
devel oped.

2. Design. Concepts and requirements from the end user are used to identify data sources,
algorithms, constraints, operational environments, budget, and other parameters that will dictate
the development of the DSS. At this stage, alternatives to these parameters can still be introduced.

3. Development. In this phase, the parameters that were identified during the design phase are
integrated into aworkable DSS.

4. Test/Demonstrate. Ideally, only minor changes should be made during this phase asthe DSSis
tested and problems are encountered.

5. Operational. At this phase, the DSS is being used operationaly. Typically, making changesto a
DSSin this phase will be difficult unless the DSS has been engineered in such away as to accept
additional input.

Just as any given DSS has several maturity levels, the NASA products to be assimilated into the DSSs
have many Product Readiness Levels (PRLS). These PRLs can be assigned to one of four (4)
categories:

A. Not Planned. NASA does not currently plan this class of products. If the product is required, the
requirement can be made known to the Earth Science Technology Office for evaluation.

B. Planned. These products do not currently exist but will be available in the future. For example, a
dataset that will be provided by afuture satellite mission and could be assimilated into the DSS
would be “planned.”

C. Current but Not Easily Assimilated. These products exist, but the candidate DSS cannot readily
accommodate the format, resolution, constraints, or some other parameter associated with the
product.
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D. Current and Easily Assimilated. These products currently exist and can be easily assimilated into
the candidate DSS. For thisto be the case with an operational DSS, the DSS would have been
engineered to accommodate additional or aternative input, which is not necessarily true in most
cases.

For example, agiven DSS's developmental stage may fall anywhere between conceptual and
operational. Similarly, appropriate NASA products and models may or may not exist and may or may
not be readily assimilated into the DSS. None of these conditionsisintrinsically good or bad; they
just give an indication of how much time, work, risk, and/or money may be required to assimilate
NASA productsinto the DSS.

Table 4 shows the various states of readiness that may be applied to an application. In this two-step
process, the DSS isfirst evaluated for its maturity level. If the DSSis still in a conceptua stage, one
may anticipate that it will be 2-6 years (or longer) before the DSS is operational, depending on the
complexity of the DSS. However, if the DSS were in afurther stage of development, one would
expect a shorter wait for operational readiness. In the second step, the NASA productsto be
assimilated are evaluated. If those products already exists and can be readily assimilated into the DSS,
an enhanced DSS may be available in afew months. But if the technology is planned for the future or
has to be developed, a corresponding delay to achieve an enhanced operational capability is
inevitable.

For example, if aDSS is operational, NASA products are available to enhance the DSS, and those
products are readily integrated into the DSS, the application readiness level would be 5D. At the
opposite end of the scale, if the DSSisin aconceptual stage and no applicable NASA products exist
or are planned, the application readiness level would be 1A. Of course, most DSS/PRL combinations
would fall somewhere between those two extremes. The indicated time framesin Table 4 (e.g., 1-3
yearsfor ARL 3C) are STRICTLY NOTIONAL. It could be that agiven ARL fitsthe 3B criteria, but
because of anticipated complexities, an enhanced DSS is not expected to be available for at least 5
years. Similarly, it may be possible for agiven 1D ARL to be operational with NASA enhancements
in2yearsor less.

Table 4. DSS maturity and NASA product assimilation matrix with notional time frames.

NASA Product Readiness for Assimilation
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C. D.

A. B. Current; Current;
Not Planned Planned Not Easily Easily
Assimilated Assimilated

F>) 1. Conceptual 3-6 Years 3-6 Years 3-6 Years
i‘; 2. Design 3-6 Years 3-6 Years 1-3 Years
% 3. Development 3-6 Years 1-3 Years 0-1 Years
f) 4. Test/Demonstrate 3-6 Years 1-3 Years 0-1 Years
8 5. Operational 1-3 Years 1-3 Years 0-1 Years

Each combination of parameters yields adifferent path for NASA product and model enhancement to
the DSS—some of those paths being short and easy, and some being long and complex. Generally, as
the ARL designation moves from 1A to 5D, time, risk, cost, and effort can be expected to decrease.
Of course, increasing cost, risk, and/or effort may shorten the time factor. If one defines the ARL as
thetime it takes for all the pieces to come together resulting in an enhanced DSS, the ARLs can be
summarized as immediate, short-term, mid-term, or long-term, as shown in Table 5.

Table5. Application readiness levels summary.

Application Readiness Level | Time to Realize Enhancement

Immediate 0-1 Years
Short Term 1-3 Years
Mid Term 3-6 Years

NASA' s balanced portfolio will have a strategic mix of each category, generating a continuous flow
of NASA-derived enhancements. Some DSS enhancements may yield immediate or short-term, low-
cost, low-risk, operationally oriented results. Such enhancements will be balanced with enhancements
that require more effort, higher risk, and visionary planning.

5.2 Evaluation, Verification & Validation, and Benchmarking Processes

A modified systems engineering approach (Figure 11) for the assimilation of NASA datainto DSSs
allows NASA to quantify the impact that ESE data products and models have on the partner-owned
DSSs. The approach starts with three steps of the DSS selection process described in Section 5.1
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(1) initialization from a pool of DSS opportunities cataloged as one-page DSS summaries, (2) first-
look assessments of the DSSs and identification of possible NASA inputs from observations and
predictions, and (3) a meeting between NASA and potentia partner organization to explore the
concept of the partnership. The selection activities are dominated by NASA actions, but they cannot
be concluded without participation of the partner organization, as discussed in section 5.1.2.

After the decision to form a partnership is accepted and formalized, ajoint team from NASA and the
partner organization begins establishing baseline status of the selected DSS and defining requirements
and specifications for the enhanced DSS. This work is focused on devel oping technical requirements
of the DSS and on understanding NASA'’ s ability to meet the DSS needs. When NASA's existing
ability does not meet the DSS needs, an application-specific NRA (NASA Research Announcement)
may be released to solicit solutions to meet the needs. These potential solutions will represent one of
the alternatives that NASA will investigate. When these tasks are completed, NASA proceeds with
design and implementation of a prototype for the DSS enhancements. This task is accompanied by
verification & validation and benchmarking of the prototype and allows for investigation of
aternative solutions to the DSS enhancement problem. The processes of V&V and benchmarking
used during this phase are the same as those described in section 2.4. The prototypica design and
implementation of the DSS enhancements will be continually and iteratively refined according to the
systems engineering principles (note feedback loopsin the “Investigate Alternatives’ box in Figure
11).
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Figure 11. Modified systems engineering approach.

After reviewing results of NASA benchmarking of the DSS enhancements, the partner organization
proceeds with assimilation of NASA data products into the partner’ s operational environment. The
partner organization follows its own process for design, implementation, V&V, and benchmarking of
the enhanced DSS. The last step of that process, benchmarking, is optional and can be omitted when
the partner organization fully accepts the NASA benchmarking.
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Appendix A. Glossary

Benchmark — A standard by which a product can be measured or judged (i.e., How did the DSS that
assimilated NASA measurements compare in its operation, function, and performance to the earlier
version?). The benchmarking processis required to support adoption of innovative solutions into
operational environments that affect life and property.

Decision Support System (DSS) — a computer based information-processing system for scenario
optimization through multi-parametric analysis. A DSS utilizes a knowledge base of information with
aproblem solving strategy that may routinely assimilate measurements and/or model predictionsin
support of the decision making process. The DSS provides an interface to facilitate human inputs and
to convey outputs. Outputs from a DSS would typically be used for making decisions at the local

level and outputs from multiple DSSs may be used in establishing policy.

Decision Support Tool (DST) — a suite of solutions owned by NASA partnersthat are used in a
variety of problem domains for decision and policymaking. These solutions could include
assessments, decision support systems, decision support calendars, etc.

Evaluation — Identify decision support tools (assessments and DSSs) that have been developed by
Federal agencies and other partners that are a priority to citizens of our nation and that can be
enhanced by NASA ESE results. Develop the specifications for how the candidate DSS can be
augmented by assimilating NASA ESE observations and predictions.

Verification — A life cycle process to ensure the products being devel oped meet the stated
specifications (functional, performance, and design).

Validation — A process to ensure the completed products (software, algorithm, model) effectively
serve the functional requirements.
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Appendix B. List of Acronyms and Abbreviations

Arbonet
ARL
ASTER
AT
AVHRR
AWARDS
AWIN
AWIPS

BASINS
CADRE

cal/val
CMAQ
Code YO

DAAC
DDP
DMS
DSS
DST

EA92
EOS
EPA
EPHTN
ESA
ESE
ESTO
ET
ETM+

FAS
FEMA
FY 2003

GIS
GOES
GNOME
GSD

HAB
HABMapS
HAZUS
HAZUS-MH

Arbovirus Surveillance Network

Application Readiness Level

Advanced Spaceborne Thermal Emission and Reflection Radiometer
Assimilation Team

Advanced Very High Resolution Radiometer

Agricultural Water Resources Decision Support

Aviation Weather Information Network

Advanced Weather Interactive Processing System

Better Assessment Science Integrating Point and Nonpoint Sources

Crop Assessment Data Retrieval and Evaluation a.k.a. Crop Condition Data Retrieval
and Evaluation

calibration and validation

Community Multi-scale Air Quality modeling system

ESE Applications Division at NASA HQ

Distributed Active Archive Center

Defect Detection and Prevention (Kaupp et al., 2003)
Decision Making System (Kaupp €t al., 2003)
Decision Support System

Decision Support Tool

Energy Act of 1992

Earth Observing System

Environmental Protection Agency
Environmental Public Health Tracking Network
Earth Science Applications Directorate

Earth Science Enterprise

Earth Science Technology Office
Evapotranspiration

Enhanced Thematic Mapper plus

Foreign Agriculture Service
Federal Emergency Management Agency
Fiscal Year 2003

Geographic Information System

Geostationary Operational Environmental Satellite
Genera NOAA QOil Modeling Environment
Ground Sample Distance

Harmful Algal Bloom
HAB Mapping System
Hazards U.S.

HAZUS Multi-Hazard
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HDF
HDF-EOS

HQ

|EEE
IR
ISFS
ISPRS

Landsat
LDCM

MMS
MODIS

NAS
NASA
NOAA
NRCan

PAGIS
PECAD
PM2.5
POC
POES

REASON
RETScreen
RiverWare

SAFESEAS
SSC

SPOT

SVS
SWAMP

™
TRMM
TVA

USBR
USDA

V&V

B-2

Hierarchical Data Format
HDF-EOS
Headquarters

Institute of Electrical and Electronics Engineers
Infrared
Invasive Species Forecasting System

International Society for Photogrammetry and Remote Sensing

Land Remote-Sensing Satellite
Landsat Data Continuity Mission

MalariaModeling and Surveillance
Moderate Resolution |maging Spectroradiometer

National Airspace System

National Aeronautics and Space Administration
National Oceanic and Atmospheric Administration
Natural Resources Canada

Protected Area Geographic Information System
Production Estimates and Crop Assessment Division
Particulate Matter less than 2.5 micrometer in diameter
Point of Contact

Polar Operational Environmental Satellite

Research, Education, and Applications Solutions Network
Renewable Energy Technology Project Analysis Software
River Basin Modeling Software

System on AWIPS for Forecasting and Evaluation of Seas and Lakes

Stennis Space Center

Satellite Pour I' Observation dela Terre

Synthetic Vision System

Spatial Wetland Assessment for Management and Planning

Thematic Mapper
Tropical Rainfall Measuring Mission
Tennessee Valley Authority

U.S. Bureau of Reclamation
U.S. Department of Agriculture

Verification and Validation



Appendix C. DSS Criteria Considerations

C.1.INTEREST

This Appendix provides amplification concerning the use of the Interest Criteria outlined at Section

5.1.2 in thisreport. Its purpose is to present a framework for a consistent approach to compare the

relative value of DSSs and, thereby, facilitate decisions regarding which DSS presents the best
partnering opportunity. This framework isintended to be flexible and adaptable, not rigid in its

application.

Criteria

Considerations (NOTE: It is very important to be consistent
in applying the criteria in order to compare DSSs equally.)

1. Fit DSS / DST definition

This is a “Go / No Go” consideration. Unless NASA'’s guidance
directs otherwise, projects that do not fit the NASA DSS
definition should be dropped from further consideration at the
earliest possible time in the process.

2. Opportunity for partnership

Considering DSS ownership and stakeholders is another “Go /
No Go” proposition. If the likelihood of partnering is low, the
opportunity should be dropped before significant resources are
invested.

3. DSS Characteristics

Current State

Consider the state of the candidate DSS in terms of its lifecycle
based on the ARLs discussed in Section 5.1.3: Conceptual;
Design; Build; Test/Demonstrate; Operational. Based on the
assumption that assimilation is easier in earlier stages,
preference should be placed on DSSs that are early in the life
cycle

Missions/Goals

Consider the available DSS planning documentation. Is there a
complete plan in place? Are milestones in place? Is there a
stated mission? Are goals well defined and achievable? Are
objectives measurable? Is there a set of improvements that are
needed/desired? Essentially, determine if there is a complete
plan in place to help assess NASA's risk threshold.

Operational Concept

This characteristic considers how the DSS will work in its
intended operational environment. Will it meet operational
requirements? Does the intended user community embrace the
need? Does the intended use fit NASA's mission and goals?

Required Outputs

This consideration establishes the basis for NASA investment in
the DSS. The key question: Are the required DSS outputs such
that assimilation of NASA science, data, technology and/or
models into the DSS will add measurable value and be cost
effective?
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Program plan

The major program considerations are funding and milestones.
Key questions include: Is there a DSS program plan in place that
includes funding? Is the program plan timeline/milestone
schedule such that the NASA inputs to be assimilated will be
available?

4. Appropriate for NASA

Compatible with
NASA mission

The compatibility of the DSS and its intended mission, purpose,
etc. with NASA's mission, goals and objectives is an important
consideration. In order to assess compatibility, it is important to
pose questions such as: Will NASA investment in this DSS
expand and accelerate the realization of societal and economic
benefits from NASA Earth science, information and technology?
Will this investment likely yield measurable benefits from NASA's
Earth Science investments?

Fits NASA investment
portfolio

This is a consideration that deals with feasibility. It is a weighted
factor. If NASA has not planned for investments of the size
required to partner with and enhance the DSS it should not be a
high priority target to pursue.

National Applications
related

The first part of this consideration borders on “Go / No Go". If the
DSS does not show potential for one of the 12 National
Applications, it may well be rejected. The question is: Does the
DSS show significant promise in resolving key issues identified
in the National Applications considered.

5. NASA technology meets
DSS requirements

NASA has science,
data, technology
and/or models that
match DSS output
reguirements

This consideration relates to requirements of the DSS. Would the
current planned state of the DSS in terms of meeting its
requirements be enhanced by assimilation of NASA science,
data, technology and/or models, and to what degree?

NASA application
maturity/readiness
levels meet DSS
timelines

This consideration ensures that the NASA ARL (Section 5.1.3)
and DSS timelines are compatible.

6. Cost of participation to
NASA

Time

One cost consideration is time. Enhancing a DSS that requires a
shorter time investment may be preferable to a DSS
enhancement that will require a longer time commitment. NASA
may simply not want its scarce resources tied up for extended
periods of time.
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Dollars

Dollars are the driver. It may simply be too expensive to
participate regardless of the attractiveness of the DSS. This is
especially true in the case of unforeseen opportunities that aren’t
budgeted. Cost considerations include: manpower, equipment,
facilities and support activities such as travel and per diem. Best
estimates must be made and used in comparing alternative
opportunities.

7. Offers Measurable
Outcomes

The ability to quantify the result of assimilating a NASA input into
a specific DSS is an important consideration. How much will
users benefit from the DSS enhancement? Is there measurable
socio-economic benefit? This consideration is grounded in being
able to baseline (determine State 1 as defined by Kaupp et al.,
2003) the DSS before assimilation and benchmarking the
resultant enhancements to determine success (State 2, Kaupp et
al., 2003). Considerations include: manpower savings, value
stream mapping, enhanced decision quality information,
improved response times, etc. The specific considerations will
differ between DSSs.

8. Barriers (Hayden, 1986)

Consideration must be given to the amount of resistance that
may be encountered as we try to develop partnerships. Interest
may not be present at all levels and to the same degree. Current
owners and stakeholders may prefer the system as it is.
Generally, the more mature the system, the higher the entry
barrier because changing project direction is often expensive,
hence a cost barrier. Similarly, the DSS may be politically
sensitive or the partner agency’s policies may present barriers
and challenges. This consideration is linked to questions of non-
technical feasibility.

C.2. PURSUE

In addition to continuing to enrich the data/information available regarding the INTEREST
CRITERIA, above, the following criteria help resolve issues related to selecting DSSs most suitable
for assimilation of NASA science, data and/or technology.

Criteria

Considerations (NOTE: It is very important to be
consistent in applying the criteria in order to
compare DSSs equally.)

Fits NASA program (amplifies and Data/information regarding this criterion will be collected

refines earlier analyses, re:
appropriateness and program

and analyzed throughout the process. As in any
partnership, both parties should benefit. This criterion
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considerations)

ensures a focus on direct benefits to a NASA Program.

Funding/Fiscal feasibility

NASA Budget (Code YO)

If we obligate to a partnership, we should be sure the
Agency can follow-through on fiscal and other resource
commitments or cease efforts to pursue the activity.

DSS Budget (DSS Owner)

It is necessary to ensure potential partners have the
budget to contribute to a mutually beneficial DSS/DST
collaboration.

Stakeholders (who is involved in
DSS decisions beyond owners?
What are the politics involved?)

DSS end-user stakeholders should be considered.
Stakeholders include State and Federal political
supporters, federal agency advocates, etc. Non-owner
stakeholders may be the final decision makers, and
NASA should be aware of their identity and intentions
before a large investment is made.

NASA capability to meet DSS
requirements

Early and frequent consideration must be given to the
ability of a NASA input to add significant value at an
appropriate time in the DSS development cycle.

Probability of success

DSS

Will the DSS be successful without a NASA contribution?
How much will a NASA contribution enhance/enrich DSS
success”?

NASA science, data,
technology and/or models
for assimilation

Considering the probability of NASA science, data,
technology and/or models being successful sooner in the
assimilation process rather than later is essential to save
resources. It may be relatively simple to think of ways
NASA might upgrade DSS outputs. The real question is:
Can we prove that the assimilation will be successful
before committing significant NASA resources?

NASA ARL meets DSS program
plan

This consideration is designed to constantly evaluate
NASA'’s ability to meet DSS timelines. It ensures that the
NASA ARL and DSS timelines are compatible.

Partnering strategy is feasible

Constant monitoring of the partnership agreement is
necessary to be sure that the interests of both NASA and
the partner agency are being met by the joint
collaboration.

Dual-use potential

Consider if the proposed NASA science, data, technology
and/or models have value for more than one DSS.

Potential socio-economic value

What will be the benefit to the taxpayer? How will the life
of the average citizen be enhanced? What are the
potential benefits to the US economy? The
considerations in this domain are myriad.
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Appendix D. One-page DSS Summaries

D-5



Decision Support Systems
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General Comment

Potential NASA Inputs list ESE mission instruments that,
after a cursory look by S5C systems engineering
personnel, showed potential for providing data/products
beneficial to a given DSS: Further inveshgation and
requirements definition are still needed.
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Earth Science Enterprise: Applications
Applications Mission:

Expand and accelerate the realizalion of economic and soclefal benefits from
Earth science, information, and technology

S

12 MNatienal Applications
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Environmental Public Health Tracking
Network (EPHTN)

EFHTH & a tracking system thal infegrales data aboud envdronmental hazards and
eyposures with data about diseases that are possibly linked to the smvironment,
EFHTH allows decision makers to maonitor and distribute mformation about
efvirenmental hazards and diseass irends and im plm'nent and evalyate
requiatory and public health actions to prevent or control environm ant-related
dispases

+  Matlonal Application: Pulblic Health

+  Owner Agency: Center for Dissase Control and Prevention {CDC).

Hational Center for Envircnmental Hzalth (MCEH )

+  Whebsite: hitp:ifwaes cde.gowdneeh/dieinnsehhe Hitm
+  Operational Status: Extimated 20052007
+ Use of HASA data:
— Potential;
= Tara/ Agua MODIS
+ Landsat
TRMA
TaME
SAaGE

UARS
SCURCE

-

e g T e DRAFT: WOR KING DOCLMENT

Community Multi-Scale Air Quality
Modeling System (CMAQ)

CRLAD madels mulliple air quality issues. incding baposphenc azene, fine paricdes lovics
acld deposiban. and Whability degradaBan. CIAAD k= deslghed to hav e mukl-ccals
coapatbifites so that separate modeds are not needed for whan and regional scale air quality
modeing.
«  MNaticnal Spplicalion: Air Quality
« Owner Agency: Environmental Pratection Agency (EPA)
= Supparting Organization; Atmosphenc Modesng Division
«  POGC; Kenneth L, Schees, CMATH Pregram Maneger, Environmental Probechion
Agency. E243-00 ILISEFA Mallrcom, Research Triangls Fad, N 27T,
Tel: S18541-5T95 schere kannathiflepa.gov

v Ulebaite WP spe gy e el imodels 3 med. i

= Opeatonal Stalus: 151

= Palential use of MASA data:

- Airbome: HUS, LASE, HAST. 1 R&EL, — ClcudSat
= H'E'r':i' i - Eamn Proba | TOMS
- Aoua bIRE s
B3 ¢ GIFT
- Mg AMESR-E 7 e
dcua &S - ESEP-31 000
T : _
- AqusHSE - Ieleiecr- 36 1 SAGE
- Agracml —  TOFEX J Posedon
- AuraTES -~ Tara ! hopa WMODIS
- CALIFE0 —  Torra MOPITT
FEENS Bl . s [ S
e pas L5 rarued b4 3 _30_[51 et DRAFT: WOR KING DOCLIMENT
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Hazards U.S. (HAZUS) (g

HEZLISE g a nalwal hazard loss estirmabion mulmr.lnlﬁﬁLllmmmmed thaaigh PO-bassd
Geogaphic hifomaon Sysberm (315 solware, HAZLS was feed developed bo assess the
efecls of satthouakes but ls new being expanded o Incleds madds 1o address Baoding
{riverine and coastall and wind dhumicanes, fhunder storms, formadoes. ropical cyclones and
haily hazards {muli=hazard methodology: HGZLSRH),

+  Mational Application: Disaster Preparedness

+  Owvner Agency: Federal Emergency Managemend Agendcy (FENA)

+  Supporiing Crganization; Mationad Instifute of Bulding Sciences

«  POC Claire Doury, FEMA, (202 646-2B84, hogusiftfema. gov

v Wiehsite: fitgp; i Soma gouh agusl

+ Opesiatlonal Siatus:

— HAZLS gyelabia onoe 19587
— HAZUSMH planmed far 2003
v Usw of FASS data:
—  Current: via USGS
= Potenltial
= SRTHM
= Landsat 7
« Tarra BSTER
= Terral Sgua MSDIS
« Tarra MISH
» Dk SCAT Sealtinds
= TR
= Wil mcdeling

FEErS & Bl maeonCns. Dt (15 & e

e pas L5 rarued b4 3 _30_[51 et DRAFT: WOR KING DOCLIMENT &

RETScreen & Surface Meteorology and
Solar Energy Applications Project (SSE)

ASA Langey Research Cenber's Suelace Matearology & Sala Energy Appicalions
(S5E waths with MR Can's CAMMET Enargy Divessication Laboratory (CEDRL) o provide
dhabal rackabon budget datacebs SSE |& ciucial o the suecess of the srmel gng renewable
marikat provichng accurata, glebal selar radiation and mateorclogy cdata
Matiohal Applicaiion: Energy Forecasting
Cwner Bgency: Matural Resources Canada (NR.Can)

POGC: Gregory J. Lend Section Head. Matural Resources Canada 1615 Lions-Boulst Bhed.,
Warennes, Ouebec J3X156

Wiehsia: hitp ey retscreen nat!
Cperational Stalus: 1998
Lla of MASA data:
—  Cusrent: -
= Patential
« TRMM ! Teera { Sgua CERES
= Aqua FADEDS || AMSE
Earth Frobe TOM S
Cloud5at
CALPED
GIFTS

. EETsereen ™
= Baaifdnde

Fenewahle Energy
Finjwdl Amalysh
sufiware

EHE S &l el L6 i i L]

e pas L5 rarued b4 3 _30_[51 et DRAFT: WOR KING DOCLIMENT



& Aviation Weather Information (AWIN)

AWIN provides Improved weather information te users in the Natlonal Alrspace
System and fosters the mproved use of this information.  #\WIN emphasizes
providing informaton to the fight deck while considening other weathsr
information usersin the Mational Alrspace,

+ Hational Application: Aviation Safaety

+  Dwner Agency: Federal Aviation Administration {FA& )

+  Supporting Organization: NASA aviation Safely Program (&SP, Wealher

Accident Preventlon (WiAP)

+  POC: Paul Stough, CrevaVehicle Integration Branch. MASA Langley Ressarch

Center, Hamplon, V& 23681-2189, FET-264-3860, h.p stough@lare nasa.gov

+  Website: httpoiawin.larc.nasa. govl
+  Diperational Status: 2000
+ Lse of W ASA data:
—  Potential:
= TRNA
» Termal Agua CERES
= GIFTS

: RVIATICH
i & TR LT

e g T e DRAFT: WOR KING DOCLMENT

& Synthetic Vision Systems (SVS)

The alreraft SYS concepl is deslgned to provide increased safely and operational
benefits in narmal and low visibility sondilions. SVE displays provide belter pilot
sltuation awarensss and mprove aviation safety.

+ Hational Application: Avation Safety

= Dwner Agency: HASA

+  \Website: http:favep larc nasa.godimanes evs html

+  Dperational Status |

= Feadble commensial systems avalable In 2000 te 2008
+ Use of HASA data;
— Patential;
= SRTM
« Landsat 7
= Teita ASTER

e g T e DRAFT: WOR KING DOCLMENT
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ﬁ Agricultural Water Resources and
Decision Support (AWARDS)

LAWARDS improves the efficiency of water managem ent and irrigation scheduling by
providing guidance on when and where to deffver water and bow much to apply
The ET Toolbox extension of AWAR DS is able fo provide waler use inpuls for
RiveriWare which supports water managemeant dacisions.

+  Mational Application: Water Management
+ Owner Agency: U.5, Bureau of Reclamation
FOC Curl Hartzell, Mateoroiogist River Syatems & Meleoralogy Group. 303
445 2482, charzel@ do.wsbr.gov
* Website: hitp ifwwes usht govirsmainexicd
+ Operaltional Stalus ; 2000
+  Use of MASA data:
— Currant:

= Patential:
= Teral Agua MODIS
= Landsal ¥
= Tena ASTER
= SRTH
= TR

« Pl
A e i BLin0 0 of Reoln o

Pl s g sl |0 tre Serevaan ee

e g T e DRAFT: WOR KING DOCLMENT L

B RiverWare RQUVErllare

EiverWare i5 a Bexible general river basin modeling tool that allows water pesources
enginesrs to simulate and aoptimize the managemsnt of multipurposs reservoir
systems, RiverfVare automalically generates and efficiently sobves a mulli-ohjective,
pre-emptive, inear goal programiming formulation of a reservair sysiem

+ National Application: Water Management

+  Owner Agency: University of Colorado, Center for Advanced Decision Support

for Water and Environmental Sysems (CADSWES)
Supperting Organization: U S, Bureau of Recmation, Tennessees Valley Authority
v POG: Terry Fulp, Mapager, USER River Systams & Meteoralogy Group, Denver,
. 305 445 2470, dmatibews@do usbr.goy

+ Wahbsite: hip Veadswes colorade edulriversans

+  Operational Status | 2000

v Use of HASA data:

- Patential:
« ERBS SAGE I
= Tara! Acgua | TREW
= Teital Agua CERES

RlvarWais

o TRMM
« GPM
e g T e DRAFT: WOR KING DOCLMENT 1
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Harmful Algal Bloom Mapping System
and Bulletin (HABMapS)

The HAE bhullelin provides timely infemation o the mana gement community in the Gulf of
MMexico during a bloom event. The HAE Mapping System (HaBMaps) is an interacive
rmapping tool thal can be used to access recent data an harméul algal blooms in the Gulf of
Mezico and cn the endronmental condtions that mey afect the spread of thess bocens

= Mational Application: Coastal Management

= Owimeer Agency: HO8A CoastWatch and Coastal Services Center
POC: Mary Cubves, Coastal Servces Centes, National Oceanss and Mmaspheric

Adminlstration, Chadeston, S0, 843 740 1250 Mary. Cubceninass goy
Wvabeite: [t My C5C o088 gowEishabl
Cip-iratioral Stabus @ 2000
Use of H&SA data:

=l

SeaWFS, DukSCAT SedWinds
—  Potential:

Tara ) Aqua MODKS

s Aqua AIRS

= AMIECE Il SaaWinds

. JASORT

TaREM F'-:-s-:--:.’-:n
- Lardal 7
= Tars -’.'_T-”TER

= SRTH F’v‘!l MIAL Coastal Services Cender
b -

5 IREME PROMF_I8FFTELTION LEE TF =R DY

FEE TS & Bl maieorCns. Dot (13 & e

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT 1

~ Better Assessment Science
ﬁ Integrating point and Nonpoint
Sources (BASINS)

BASHE is a mullipwpose enviionmental analyss software for use by regional. date, and local
apencies in parforming water shed and water quabily based studes. || allows users to assess
wales quality al selacted sheam sites o throsghout an entite watershed

+  Mational Application: Water Marag e

«  Oaner Agency: Emdronmental Protection Agency (EFA)

POC: Er Russzall Itmrﬂm Ef-‘ﬂ-. IZ"EE:I EH—MEB hicgin s fivepa gon

l:puall Eta-l:us. ﬂ.'mllzd:la P 1EHE i
Lls= of HASA data:
= Pateniial

=
= Tesra ASTER
+  Lanckat T EThH
= Tema  Aqua MOCHS
- QuikECAT
+ TOFEX ) Poseidon
= Jamen
= TRIMM
« GPM
= ERACE

e g T e DRAFT: WOR KING DOCLMENT (L
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Crop Condition Data Retrieval and
Evaluation (CADRE)

CADRE |=a geospatial database managament syslerm used for assessment of gobal crap
cotcdfions ard estimatss of area, yiekd and poduction for gialns, alsseds amd colion.
Hational Application: Agricultural Efficiency

+  Dwner Agency: U_S. Department of Agriculiurs (USDA). Production  Estimates
and Crop Assessment Divisien (PECAD)

+  Suppoting Crganization: Foreign Sgriculiee Secdce (FAS)

+  POC; Brad Doam, PECAD, (202 90013 1. pecadififas usda gov

+  \shsite; bitp; e s usde govipe cad

+  Opaations| Stetug in use since sarly 1980s

+  Use of NASA data;

—  Current;
+ Lands® T5&T
—  Puotential:
«  Teiral supaoDis
+ TR
+ SRTH
+ Agual ADEDS 1| AMSH

Tumal fua CERES

+ TarraBSTER
«  TOPEX I Pogekdon

EEE TS & El BABONC - e [ 5 Al

e pas L5 rarued b4 3 _30_[51 et DRAFT: WOR KING DOCLIMENT 14

Cutting-Edge Software to Cut
Emissions in support of 1605(b)

The EFL's amissions reduction softvware in support of Dapartiment of Energy's
Voluntary Greenhouse Gas Reporting Program [establshed by section 1605(k)
of the Energy Polley &ct of 1292)] alfer reglonalllocal declsion makers tools Tor
managing waste, smissions, and energy consum plion, Thess decision support
tools nciude Waste Reduction model (WARK), Cities for Cimate protection
{CCP) and ME3W Decision Support Tod {OETIL

+  MNational Application: Carbon Management
+  Owner Agency: US EPA
+  Supporting Organization: Unknosn
+ Waebsite
hittp-lf wosemite_epa . gordoaniglobabwarming reflUniguet eyLookup/ MCO EEKS FE
SifFilelsoftwaretocls pdf
+ Operational Status: Current
+  Use of HASA data:
= Curreat, Mo
—  Potential: Nena

EEE TS & El BABONC - e [ 5 Al

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT
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Invasive Species Forecasting System

The Mational Invasve Speces Forecasting System is designed for the managem et
and confrod of invaskve species on all LS. Departmeant of Interice and adjacent
lancls. This project will use early detection and monitorng protocols and
predicthe models to create on-dem and, reglonak-scale assessments of invasive
species patterns and vulnerable habitats.

Hational Application: Invasive Species
Owner Agency: HASSE Goddard Space Flight Center, USGS-Biological
Resowurces Division

POC: John L. Schnase, Ph.D.. Earth and Space Data Computing Division,
MASA Soddard Space Flight Center, schnasefagsic nasa qoy.
+ WWebmte: hitpfeeerwusgs. goy or htlpbiclogy_usgs_gowinyva sivedindss_htm
< Operational Satus in use sinee =afy 19805

Lise of NASA data
—  Cument
—  Potantial;
« ZRTM
=« Tema
- .l""quﬂ
Landsat

RS el o 13 5 i i

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT Le

Application of a Management Decision
Aid for Sequestration of
Carbon and Nitrogen in Soil

Bl onitarimg tlve of starage of carbon In soll can serve as a gulds o policy makers,
sojertisis and crop producers as 1} a means of increasing siorage of carbon in
sodl. 2p determining the value of stored organic matter, and 3) the most Bkely cost
efficient means of ncreasing soil carbon.

Hational Application: ©arbon Managenent

Owner Agency: USDA Agricultural Research Service
Supporting Organization: Agricullural Research Servdee (ARL)
FOC Qlness Alan E, ARL aoclne mail.mrsars.usda
Wiebsite

hittp:teewewr_ars.usda. gorviresearchipublications/publications him ?SED MO
115=105294

Ciperational Status: &pproved September 19400
« sz of HASA data:

= Pojeniial
+  Landsat 7
- Saads
WEET & Ed SO, e 15 - Sarnasia s 5
e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT .
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Century soil organic matter
(SOM) model

The S0 medel ingests varables such as: temperatee, precipitation, soil physical
charactesstics (texture, hydre class, ele, |, and land management providing a
decigion support tood to enable land ewners to identify areas most Bkey to
banefit from praire restoration for both forage production and carbon
saegusstration.

+  Mational Application: Carbon Managemeant

< Owner Agency: Coloradoe State University

+  POLC: Richard T. Conant, Colorado State University

+  Website:
hittp-theesew_casm ge colostate_edumnsideriviguaew. aspPaction=2E0tsid=178

« {perational Status: Reconnaissance and data collection began Janwary 2001

+  Uss of MASA data:

= Polential:
= Landsat 7
T

e g T e DRAFT: WOR KING DOCLMENT 18

CSTORE

CSETORE s designed to quantify and assess soil carbon stock changes in agriculural
systems, as a function of dferent management practices. The maodel is sistable
for estimating sdl carbon changes for different management practices and can be
used by decision makers o project desgn, forecasting and quantification for
agriculiural systems

+  National Application: Carbon Management

+  Owner Agency: Consortium for Agricultural Soils Mitigation of Gresnhouse

Gases (CASMGE)
Supporting Organization: USDA
+  POLC: Keith Paustian, Colorado State University

« Website:
hitlp</, adufin W h.h__;.l._l.ﬂf'_'l-i'.ll.l.hl:l-:.iﬂﬁ— -
« Operational Status: Development stage o
v Use of HASA data =
— Potential L eemm
' E NE lﬁ;ﬂ
* Tema : (==

= HAapia | Sl = S —
! S = W

e g T e DRAFT: WOR KING DOCLMENT 1
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Carbon Sequestration approaches
and modeling tools
at AGLL of FAO

The carbon seguegtration approaches and modelng lools of AGLL and FAD
develop seenarios of land use and land managemen! cpbions for prevention of
land degradation and enhancement of land produchhvy through carbon
seguettration and odiversity consersation.

Hational Application: ©arbon Managenent

+ Owner Agenoy: Land and Plant Nutrition Management Servoe (AGLL)

Supporting Organization: Land and Water Development Division, Food and
Agricuture Organization of the United Mations (FAD)
Website: hittp:iwew fac.orglagiagliagilcarbonssquesiration/d ocsicark on.pdf

+  Operstional Status: 2000 - present

+ Use of MASA data;

= Palental
« Tarra
- Acua

= Landeal 7

P A o O ey L B S e

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT =4

TsunamiReady Mﬁeadv

A TsunamiReady is a Mational Weather Serdace (MWS) inifiative that prom ates
tsunami hazard preparadness as an active collaboration amang Federal, stats
and lecal emergency management agencies, the public. and the MWAS tsunami
warfing system. This collaboration supports better and mofe consisient bsunami
awareness and mitigation efforts am ong communifies at risk.

+  National Application: Community Growth

+ Dhwner Agency: National Weather Service
Wabsite: hitp fww' stormieady.noaa,gowitsung mirsady, i

+  Oparational Status E€ablished 1949

+ Use of HASA data

e

=VACUATION
ROUTE

— Current:

—  Potential: TSUNAMI HAZARD 204
«  Sealfinde
= TOPEX { Possidon
« Jusone1

* Panal phatography

IN CASE OF EARTHOUAKE, GO
TL} HiH GECLIND QR INLAND

P A o O ey L B S e

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT -1
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Coastal Restoration and Enhancement
through Science and Technology
(CREST)

CHEST will werk with the netweark of restarabion prefessianal s arsund the nosthem Gull af
Bizalco, msnfly ey ssuss of coastal restoraban, faclitals the sonlinesd advarcemesnt of
restoration sdence, and eaport this new knowledge bath to other parts of the United States
atd hather afield

HNationa Application: Coastal Managenvent
Owwner Bgency: Lowi sians Biate University, Louisiana State Univer sty Agriculiural
Cenfer, Louisiana Universities Matine Consonium, McNeese State University,
MECholis State University., Southeasternn Louisiana University, Southnem
University at Mew Orleans, Tulane University, University of Louisiana al
Lafzngette, University of New Orieans, and University of Southerm Mississippi,
+  Supporting Croanization: Mational Oceanic ardd Stmicaphens Admindstragion (MOSA| and the
U5, Gedogical Survay (USGES)
+  POC Piers Chapman, Dirscior, CREST Office. Louisiana State Linivessiy, Baton Rouge, LA
TOB0S, J25-5TE-0068 pohapm aniiisu,edu

" Wiehsite: W = -"“-:_'Il'll. Unartal Eamermbonand Knhaneesmaeer
. ﬂ'ﬂﬂﬂlmﬂl Slafus: 2003 ._:_,-*M"H\_ thnmgh :7..1r||-\.-:. J..:I] 1:1:..1:;4::-..‘;.-
Use of MASA dalas:
= Polential
= feiial photagraphy
oo e DRAFT- WOR KING DOCLIMENT -
Regional Crop Condition and Yield
Assessment

The Regienal Crop Condition and Yigdd Assessment model monitors regicnal
agriculural crop conditions using satellite data, The simuations compare very
il with the farmer reported yields 3t the study sites,

Hational Application: Agriculiural Efficlency
Owner Agency: United States Department of Aariculture (USDA)

+  Supporting Organization: National Research Service {8RS)

¢ PO Paul Doraiswamy, LWS0A, (301) S04-6576, pdoralsw@asir.arsusda gow

+ Wabsite: htptwasts 7 Tan=

+  Operational Status:

= Start Dhate: Aug 01, 1509
End Data: Mo 01, 20402

+  Uls= of MASA data:
= Current;
+ Tarra AETER dand coner)
= Terral Agua MSDIS

USDA

EHE S &l el [0S £ s 4]
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Red Tide Prediction

The Red Tide Prediction provides detection of algal blooms as they coour offshare,
rather than after the bloom has amved onshore. This allows researchers to akerd
coasliing communibies of approaching harmiul algal blooms

+  Hational Application: Coastal Management
Owiner Agency: Undversity of Flonda
Supparting Organizaticn: Cellege of Manne Sclence
+  POC: Kendall Carder, University of Florida, (727 5533952,
koarderf@monty marine ust edu

v WWebsite: gty manne. ust eduw’
Operational Status: Submitted proposal Aprl 2003
Uge of HASA data:
= Potential:
* Terra ! Agua MODIE {sea surf. temp. |

RS el o 13 5 i i

e paps_DAiS_nareruad s 53104 et CRAFT- WOR KING DOCLIMENT
Hypoxia Watch System for the Gulf
of Mexico

The Hypoxia Watch System offers nzar-real time map products of bottom dissolved
ouygen that would form the bagis for summertime advisories on anaxe and
hypoic conditions i the Morth-central Gulf of Mexzice and disseminate the data
over the Intemet,

Hatlonal Application: Coastal Managemeant

Owner Agency: National Qceanic and Stmosphenic Administration's
(HOAL) Mational Marine Fisherles Serdce (NMFS). NOASL National
Coaxgtal Data Develapmaent Canter (NCDDC), National Asronactics
and Space Administration's Earth Science Applicaticns Directorate.
Coastal Ecology Institute ot Louwisiana State University, and the
CoastWatch Gulf of Mexico Regional Node.

+ Supporting Organization: Lovisana Universities Marine Consortiom (LGOI}
FOC: Or, Mam:y Rabalals, LLUME O (285) 851-28368, nrabalals@iumean,du

Website: http M ooastwatch, moaa gowiGOMxhypoxial

«  Dperstional Status: MOAS Bottom Dhesalved Cweypen Maps and refated data avaliable
June &, 2002

+  Usze of HASA data:
= Current; via MOSS
~ Potential: Terea | Aqua MODIS (sea curl termg |

RS el o 13 5 i i

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT
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NESDIS CoastWatch Program

MAA"s CoastWatch program processes raw satedlite data produce magery that will hedp
meteorclogists predict weather, fisharmen locate fish, and scientists track ol spills
and red tide events.

*  National Application: Coastal Management

+  Owner Agency: National Qceanic and Stmospheric Administration (M OAA)

+  Supporting Organizaticn: Haticnal Environmental Salelite Data and Inform ation
Service (MESDIS)

+  POC: Christopher Brown, MOAA, (201) 740-5803, Chrstopher W Brownd@noaa_gow
+  Waebsite: :
+  Operational Status: Curently avallable

+  LUse of HASA data:
—  Current: via NOAS

T e
Eeinsiplaici

_

e g T e DRAFT: WOR KING DOCLMENT Lo

Multiple Use Management of the EEZ
(Exclusive Economic Zone)

Multiple Use Management of the EEZ (Exclusive Economic Zome)is a study to
provdde a model to help strengthen management in key regions of Australa's
Exclusive Economic Zone,

Matianal Application: Coastal Manacemaent

Cw ner Agency: Commany sallh Sclentific & Industrial Research
Organisation {CSIRO}

Suppodting Chrganization: Marine Ressarch

POC: John Parslowy, CSIRO. 61-38=232-5202_ John Parslow Gmarine csirg gy

Wbsite: http.ifwaw marine csito sulresearch him Operational

Cpaerational Status LUnknown

Lise of MASA data;

— Puotertial:

+ Tema § Aqua MOCHS isea surf. temp |

e g T e DRAFT: WOR KING DOCLMENT r
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MODIS Land Rapid Response
System

The MODIS Land Rapld Fesponse syslem produces a dally adive fire deteclion
product from its data feed In near-real fime (-4 hours from acgquigtion), These dala
are belng provided to the US Forest Sepdee (LISFS) and oiher partners throwgh the
Global Observation of Forest Cowver (GOFC) projest for application to fire
managermant and reflinem entlvalldation of the product

+  Mational aApplication: Disaster Preparedness

+  Dwner Agency: Glohal Observation of Forest Cowver

¢« Supporting Organization: LS Forest Serdice

«  POC: Ron Schiberg, Uneversity of Maryland, (301} 4054202,
raohlbend@oeog umd edu

« lebsite: htpdrapidresponss umd. edu

+  Diperational Status: Cumenl

+ sz pf HASA data:
= Current, via UEFS

e g T e DRAFT: WOR KING DOCLMENT Lg

ﬂ Near-Real Time Global UV Dose
Map Generation

Mear-Real Tene Global LY Dose Map Generation provides dally mtegrated
estimates of clear sky srythema=effective LY dose amounts and peak UV Index
estimates,

+  Mational Application: Public Health
+ Owner Agency: SEDAC
Supparting Organizaticn: CIESIN Columbla Unrversty, hiltpo s ciesln crgl
+  Website: hitpi'sedac.ciesin.orgfozone/maps/sptpage.hitml
+  Dperational Status; 1957 - 2000
+ Use of HASA data:
= Current:
= ADEOS
+  Emath Probe (EF)

E—— PR e =
limadamang

e LR

e g T e DRAFT: WOR KING DOCLMENT
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ﬂ UltraViolet Interactive Service (UVIS)

VIS provides a cenfralized directory from which users may access avallable
sources of data refated to human health effects of ultraniolet radiation exposure.
This portion of the Stratospheris Qzone and Human Health project provides on-
sereen visuakzation of houry, daily, and monthiy-averaged ultraviolet radiation
dase quantities and comesponding total column szane values,

Hational Application: Puldic Health
r Owner Agency: SEDAC
*  Supporting Organization: CIESIN Columbla Unkversiy, hitp thawew . clesin crgl
+  Website: hittp i sedac clesin.columbla . eduiog onefd oosiusd-lome_ htm|
+  Oiperational Status: 19781290
+ Use of MASA data:
= Current: higtorical dasfa only

-~ Potential
« TOMES
st =t Ty :.__."- d:lq'u;’
L g e
e g T e DRAFT: WOR KING DOCLMENT i L m

UVI US Map

The MOSAERS LY Indsx Map uses varlous dalasels (o produse a forscast of the
orone data for the next day, This map represents UY inltensgities at solar noon /
approximate noon lecal standard time or 1,00 prv local daight tme. With this
mformation decision makers ¢an post warnngs about potentially dangercus Y
bzvels.

+  MNational Application: Public Health

+  Dwner Agency: Hational Oceanic and Stmospheric Administration (M O408)
+  Supporting Organization: Ervaream ental Frotection 2gency (EFA)

+  hebsite: hitp:itwwewe safesun.comiuy map.html

+  Dperational Status: Cwrrent

v LUse sl HASA data;
- Polental
+ Eath Probe (EF)

L ey g e DRAET- WOR KING DOGCUMENT
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Soil analysis using TRMM satellite

Accumulated s=asonal dala of global ol molsture reveals the mavamnsnt of heal,
which tells the mechanism of climalte changes, and therefore makes the
prediction of such changes possible While such cbservations of soll moisturs
had been conducted regionally before, this project was the first to succasd
olobal montorng of soll molature wsing & satellte.

+  Mational &pplicationis): Energy Forecasting. Dizaster Preparedness,

Agriculture Efficiency

+ Owner Agency: HASDA

+  Supporting Organization: Institute of Industrial Science. University of Tokyo

«  WWebsite: it spaceboy nasda qo jpinotedelselfelel=0010 trmm_e hitml

= Operational Status: 1997 — Current (7)

¢ Us=of MASA data:

= Potential:
+ TR [Predpitason Radarf

RS el o 13 5 i i

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT

The Earth Simulator

The mission of the Earth Simulator i bo build 3 harmonlous relafionship between the
Earth and human beings. The Earth Simulator integrates supesr computing
hardhwars, physical models for global changs prediction, and satellite data into
ane coherent project, Through collabaration with varous national-related
agencies and industries and with the support of the Japaness nation, the Earth
Simutatar Praject is dedicated to serving society
Mational Applicaticnds): Energy Forecasting. Disaster Praparedness,

Agricultire Efficiency
= Dwner Agency: MAsSDa
Supporting Organization: MASA, Serlpps Institubion of Seeancgraphy Hadley
Center for Climate Predicion and Ressarch | CIRA (Ralian Aercspace
Research Center)
= POC: E. Eng.. Kei Tanl. Japan Atomic Energy Research Instfute, 81-3-3435-
2821 tanik @ usion naka Jasrl go jp
= \Nebsite: hitp tharanees jamstes oo jplest/eng/ES Clindex hitml
= Dperatiomal Status: May, 2002 - Current

= Lse of NASA data:
—  Caumrent: TRMM

FEE TS & Bl maieorCns. Dot (13 & e %k

e pays DS _p ararutel st W00t DRAFT- WOR KInG DOCLIMENT
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The Global Water Cycle
Decision-Support Product Testing

Thae Global Water Cycle Decisicn-5uppant Product Testing has substantially
reducad uncertainty in fropical precipitation estimates from about 50 parcent to
abaul 20 p=reent. Varlatlons in the water cyele l=ad o varlations n the
productivity of many sectors induding hydroposser production, coastal fishenes,
agricutbure, and forestry, to name just a faw. Better monitoring and prediction of
watar cycle variations will alow for better management of these resources.
Hational Application: Energy Forscasting, Water Management
Qwmer Agency: U Global Changs Research Program (UWSGCRFP)

= Supporting Organizaton: S Dept. of Agriculture, LS Dept. of Comm erce, Matl.

Qceanic & Atmospherle Admin, US Dept, of Defense, US Dept. of Energy,
LIS Crept. of Health and Muman Servdces, Mational Institutes of Health. U5
Diept. of the Intesor, S Geological Survey, Envircnmental Protection
Ageney. NASA. Nabonal Scence Foundation, Smithsonsan institution

POC LS Global Change Research Program, Sulte 250, 1717 Pennsylvania
foge, MO, Washington, D 20006, 202 223 G262

Webste:

http:/vwww usgoap goviusgomdProgram Elementsrecent waterrecent .htm

Cperational Status: FY 2003 research and cbservalions

Lse of MASA data:

— Cument: TRAAM

e g T e DRAFT: WOR KING DOCLMENT 3

REMSAD

The Reglonal Modeing System for Aerosols and Deposiian (REMSAD) s designed
lo support a belter underdanding of the digtribuions, sources, and removal
processes relevant to fine particles and other alibome polluiants, Including
soluble acidic components and toedes. REMEAD began as a simple screening
taol and evolved into a more complex modeing system that attem pis to sinlate
the chemistry. transport, and deposition of airhorne pollutants using algorithms
that raflect the stale-of-the-sejence and cument knowledge of tha important
physical and chemical processes.

Mational Application: Disaster Preparedness

Qw e Agency: LS Systems Applcations Intemational, Ine. (540

= Wymbesite: hipofewne remsad com
+ Operational Stafus

Lisa of NAaSA data:
—  Currernt:
— Potertial: HEJ

PN

e g T e DRAFT: WOR KING DOCLMENT M
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State Implementation Plans (SIP) u

The State Implementatian Plan (S1F) b the cumulative record of all alr polldlon slrategles,
stafutes. ubss. and ordpances (mpdemented under Tile | of the Clean Al Sct by govemmental
apencdes within the State. The SIP focuses on regulation of the “oritedia™ pollutants: carbon
manaxicde (C0), sullur dicside (S0,), o2one (D), nitrogen coddes (MO, lead (Ph), and
parbsulates mather less than 10 recans (PRI} Mat all 51Ps ars the same howeyver, all of
thesm) mwst be approeed by the Evesonmental Probeciion Agency {EPA) hefore they can
affically be wsed as law
Hational Application(s): Community Growth, Air Guality Management
Owmer Agency: Environmental Protection Agency {EFA)

Supporting Crganizstion: Sabe Agencies
POC: Exclusive bo Region

= &lFs have been in place since 1372
Llae ol HMASA data:
Poterdal:
= AOPITT
TOMS

e g T e DRAFT: WOR KING DOCLMENT

Arbovirus Network (ArboNet)

Arbotiet 15 an arboviral survelllancs nebwork developed to rack a varnsty of veclor-
borne Arboviruses,

Hational Application: Public Health

«  Owner Agency: Center for Disease Control and Pravention |CDC|,
Mational Center for Infectious Diseaszes (M)

= PO Danegd O'Leary, Division of Vector-Bome Intecticus Diseasss (DVEID),
COC NCID, Fort Colling, Colorado. dubidi@ede gov

= Wiebste hbbp e ce govincid odd
= Operational Status Current

WEELETE =]

o R b 120 ORAFT: WORKING DOCUMENT =F
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Malaria Monitoring and Surveillance
(MMS)

BAME b5 a multidecplinary, internatienal collaborative efan Lo combal malkana and
filariasis in the Greater Mekeong Subregion using remate sengng and other
technologles

+  Hatlonal application: Public Health

+  Onwmer Agency:

— Armed Forces Research Instbute of Medical Sciences (AFRIMS)
= Mahidol University, Bangkok, Thaikand

+  POLC D, Riehard Kiang, NASA Goddard Space Flight Center,

richard kian nas

+  ebsite: hbtpedheatthyplanet.gefe nasa gowiprojectd html

+«  Operational Status: in develaprent

+  Use of HASA data:

= Polential
+ Landsat7

e g T e DRAFT: WOR KING DOCLMENT L

u Air Quality Index (AQl) Forecasting

The Al Craadty Incles (B01) b a tool for reparting concantrations of the fve rmain polligants
{ozanes, particulabe maser, carton monozids, suhe doxids, and pitrogen dodde) tothe
general publc, Metheds o forecasting the AQ0 for particulate matler ane beng developed
aid slapdaicized by al pollution conli ol agencies.

«  Mational Application: Alr Quality

+  Cnanier Agency: Erwironmenital Protection Agency (EPA)

+ Suppoiting Organizatien Mabional Desanle aid Aosphene Administiation  (HOAS)
« POC: Darest Mell MAZA, (TET) BEL-81T1, Doreen 0 Mall@nata gou

+ Wshsibe: hitp:ifaaw. epa o nowsindaes. himd

+  Operafional Status: Esanated October 2003

+  Potential uss of MASA data-

- AFhoms P HE LAaSE, NAST-1; RAgL, = ClapdZaT
A _ Eaith Probe  TOMS
v i'.:L 5 - ECRIGIFTS
ual AMES- L
ﬂuc.l.’.h'l“' - EEEP. 30000
= 7 i
- AquarHSE —  Matear-I/! SAGE II
—  Aurad Ol —  Pocscon FTOPEX
- Aural TES —  Tarraf houaMioDE
- CALIFED —  TearmalWaPMT
S B ol ROraane. Dot [ o
e pas L5 rarued b4 3 _30_[51 et DRAFT: WOR KING DOCLIMENT L
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ReefBase
Decision Support System

ResfBase is an online information system on coral reefs, and was designed to
provide relevant data and inform ation to reef managers and scentists. as well as
the general public,

* MNational Application: Coastal Managemen
Owiner Ageincy: World Fish Center
Suppoding Orgamzalion; Global Coral Reef Manilesing Metwark, [mlermatianal
Coral Reef Infiathve, Infermalional Coral Reef Information Mebwarl,
MOAA's Coral Heakh and Mondtorng Frogram
PO O, Jamie Oliver, World Flsh Center, ReefBase Project, Penang. Malaysia
resthaseficaiar org
Viebsite: hitp e reafhase. org/f
Cparational Satus Cument
= Lise of NASA data
= Current: aeral phategraphs, SeaWWiFs and Space Shultle pholos
— Potential: MODIS. Landsat, Hypenion, ALl

3 : MOAL Coastal Services Cender

IREME PROMF_I8FFTELTION LEE TF =R DY
e 4

e g T e DRAFT: WOR KING DOCLMENT 4

General NOAA Qil
Modeling Environment (GNOME)

GHOME i5 a free com pufer program downloadable from the Internet thal predicts
by wired, curmrend. river flow,. and tidal processes might spread an of spill across
water over a specfied period of time, Touse GHNOME, describe a spill scenarle
by entering information mto the program:; GROME then creates and displays an
ol splll "movie” showing the predicled trajectory of the ofl spllled in the scemato,
Hational Application: Coastal Management

» Owner Agency: NOAA, Hazardous Materials Response Division (HAZMAT)

= POC; NOAAHAZMAT af ORR GNOME @noas gov or at 206-536-6317
Website: hitp firesponss restoration. noaa. govisoftwaralgnom etgnome. il

= Operational Status: Cument
Lise of MASA dala

= Clprend
= Potentiol; Landsat ¥ ETM, SeaiVinds, MODHES, SacliFS

- ﬂr!.lll'll'!li‘l
o e T e DRAFT: WOR KING DOCLIMENT &

D-26



SAFESEAS

SAFESEAS s an AWIPS decksion assstance tool which confinuwously monitars
marine anid adjacent overtand conditions for speci#ic marine weather hazards. If
automatically slerts the forecasters whenever such condiions are detected,
SAFESEAS provides capabiities to display observed marins threats i ways that
help forecasters focus on what they consider most Important. Thus SAFESEAS
hedps forecasters make faster, earier, and highsr quality decisions regarding
marine watches and warnings.

= Hational Application: Coastal Managernend
«  Owner Agency: NOAA, Natlonal Weather Service, Office of Science and
Tachnology, Metecrclogical Development Laboratory
Website: winty, Iws, noaa, govimdiisateseas)
«  Cperational Satus Curment
=g of MASA data:

«  Clment -
Patential: -

e T e DRAFT: WOR KING DOCLMENT il

_,l-”"" q._".

' S e
“a' pacls ;:{

The Protected Area Geographic Infarmation System (PAZIS) provides spatial dala
management and Internet capabilities at all National Estuarine Research
Fessves (WERR) and Mational Marne Sancluares (MS)

Hational Application: Coastal Managenent

Qe mar Agancy: NOAAMND S, Office of Ocean and Coastal Resource
Management's National Marine Sanciuasiy Division, Mational
Estuarine Research Reserve Division, the Special Projects Office,
and the Coastal Services Center

Supporting Crgamization: University of South Carolina Belle W, Bamuch Inshiute
for Marine Biology and Coastal Research, ESRI

POC: Chares Alexander, MOAA's Matonal Marine Sanctuaries, 1305 East-
West Highway, Siver Spiing. MD 20010, (301) 713-3125

* Wiebeite i ¥

«  Operational Status: Cumant

* Lhse of MASA dala:

- Cuirenl

= Polential!
SRS
CRIS
Allas
Larnsal

e g T e DRAFT: WOR KING DOCLMENT 4
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Spatial Wetland Assessment for

SWAMP is a conceptual GIS-based model to help managers priaritize wettand
hakbitats within a watershed. This mode consists of two modules, tidal and

Hyenne, that examine 3 welland's contibulion to water quality, hydralegy and
habitat.

Hational Application: Coastal Managenment
Owner Ageney: NOAA Coastal Services Camler
POC Lo Suiter, MOAA Coaglal Services Center, 2234 South Hobson Avenue
Charleston, South Carolina 29405
WVisbsfe: Ribpoifasy, oo noaa, govilor fedtiswam pmi
Cperational Status, Current
Lise of MASS data
= Gurrent:
= Potential: Rt i i
- Landsat 7 ETM+ g e
- EO-1 AL Hyperon =
= Teira ASTER
+ Tama/ fguo MODHE

L ey g e DRAET- WOR KING DOGCUMENT

_’- Coastal Reef Early Warning System
(CREWS)

The CREWS program is designed to collect real time environmental data
from prime coral reef sites throughout the weorld, analyze pattems
and trends via expart systems (an artificial intelligence tachnolagy)
and predict the effects of environmental events on coral reefs such as
blzaching, fish and invertebrate spawning and migration.

Hational Application: Coastal Managenmmen

O nar Ageney: HOAAIADML

POC Jim Hendes, MOAABOML, Coral Health and Mon#lering Program,
Miaml. FL 33148-1026

Webgte hitpoifwww coral noaa. govoraiprosess. shtml

Ciperational Status: Cumrent

Use of WASA data:

= Cument
= CgkECAT

« MO0

i ey g e DRAET- WOR KING DOGCUMENT
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National Airspace System (NAS)

The MAS Architeciure 15 & blueprind for madernizing the NAS and Improving MAS
services and Cap abilties tl"ll'ﬂ-lﬂl"l the yerar 2015, The archtesture's intert i5 1o
provide ncreased benefits to all users while increasng safety through new
techmologies, procedurss, arspace changes, and collaboration among users
and providess.,

+  Mational aApplication: &viation Safety

+  Dwner Agency: Federal Aviation Administration (FAR )
¢ Supporting Organization:

« hebsite: hitp:ifwwee 1. faa. gownasarchite ciure!

+  Operstional Status: Phase 2 (2003 - 2007

B2 E

= Ciiriest
$6

= Palential.

DERA AL A TON
£ N ST H AT TR

FEErS & Bl maeonCns. Dot (13 & et
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Appendix E. First-look Evaluation Results

& Agricultural Efficiency i

CADRE
Crop Condition Data Retrieval and
Evaluation

fram:
Forslgn Agrculture Service (FAS)
and
Production Estmates and Crops Assessment Division (FECAD)

“First Look™ Evaluation

B LLRA R BT Gy AS_DS BT AS_PECAD géalpd DRAaFT S 10,300
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@’ FAS and PECAD E

The Foreign Agricultural Service (FAS) of the U.S. Department
of Agriculture (USDA) works to improve foreign market access
for U5, products. FAS operates programs designed to build
new markets and improve the competitive position of U.S,
agriculture in the global marketplace.

The Production Estimates and Crop Assessment Division
(PECAD) of USDA's Foreign Agricultural Service is
responsible for global crop condition assessments and
estimates of area, yield, and production for grains, ocilseeds,
and cotton. The primary mission of PECAD is to target,
collect, analyze, and disseminate timely, objective, useful,
and cost-effective global crop condition and agricultural
production information.

"
AR ETL ST AS_DSEr A S PECAD filpl CEAFT TSR] =

@’ FAS and PECAD E

FAS Regions :
+Argentina, Uruguay, Paraguay, Chile
«Brazil
Mexico, Central America, Caribbean
«Canada, Western Europe
«Central Europe, Neorth Africa
+Turkey, Middle East, Southwest Asia
*Russia, Ukraine, Other Former Soviet Union
*China, Koreas, Japan, South East Asia
*Australia, Bangladesh, India. Pakistan
«Central and Southern Africa
«United States

AR ETL ST AS_DSEr A S PECAD filpl CEAFT TSR] 3
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@ FAS and PECAD E

Once a month, the US Foreign Agricultural Service
and expertts from the Economic Research Service are
locked up’ in one room to develop an estimate of
worldwide agricultural production and yield. During
lock-up the group may be organized in as many as five
(5) committees based on the commodity (i.e. wheat).

Twelve analysts on staff participate in the lock-up to
determine the monthly production estimates by the 8%
of each month. Convergence of Evidence

4

AR ETL ST AS_DSEr A S PECAD filpl CEAFT TSR]

@ CADRE Basic Facts E

CADRE is the operational ‘refinement’ of the LACIE (Large
Area Crop Inventory Experiment) and AgRISTARS
(Agriculture and Resources Inventory Surveys Through
Aerospace Remote Sensing) programs which began in 1974
and 1980, respectively. The models listed below are used in
conjunction with internal algorithms and CADRE extraction
routines to produce the final outputs.

il Crop Models
AGRNE « Sinclair (soybean)
Soail: = CERES (wheat)
: . &
FAOSOIL/DSMW igg:ﬁm& (wheat, carn,
ARSI URCROP {wheat, corn, barley)
i_rop Stress Models (Farameters): * Maas
AgRISTARS
T s ERA R ETR STy ¥ A S DS Pr AE_FECAD avilpd CEAaFT et b 5
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DSS Sub-systems
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et b b el prepa e, Huehmean e o, 0
TR LA R ETR T AS_ DS B AS_FECAD mvilp DRaFT So 10200 &

CADRE Flow Diagram

WMO Stavion Data-
Feacts 1he dally
sl donmation for
rairfall, mirs max
temnperabares..

Basalire Rafeararoe
Cratasbstorical crop
praductlon databases,
ackmini skrative
boundaries., averagps
temparatuce and rairfall
aska, aol tewhare, and
weabar bl ding eapacity,

2L aywr Soll Molabure
Madel

AGRMET-Dally palygrid
disfa | 1851 krn} for
ralefall, scw, solar
radation, mindmazx
temperatures. potential
ET and actual ET,

Coanrne
2EET0T g oy ]
Satellite [t
[EFWE)- 5581
METEDSAT,
GOES GME

Crop Modsls-
=“atneat (CERES. AgRETARE. Masa. URORORY
i 1 [ A4RRTARE. URCRAOF)

WO Stetion Data-
Fasds the dady waalbvar
anformabon for rainfall,

w4y (REnladn
=por phaum g Tansg
$harbey (IR Ry

A ey e ime,
Apetiive from 1979

CADRE EX-PLOT. Mulli-yea geries
comparisons.

Aufemalec web products-images
and timse-zerias graphs

LRAFT Jre 0,200 !

Areview | CADRE. Mudl e
comparisons.

T s ERA R ETR STy ¥ A S DS Pr AE_FECAD avilpd
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e

CADRE Inputs

Minimum and maximum temperature
Frecipitation

Snow depth

Solar and long-wave radiation
Potential and actual evapotranspiration

Decadal and biweekly vegetation index
numbers

Elevation values
Soil-water holding capacity

i i ELRA E ETR Ty A S DS B AE PECAD §édlp DRAaFT

=

CADRE Qutputs

« Spatial images for

=

=

Estimated precipitation and temperaturs

Actual and cumulative precipitation

Average. minimum and maximum temperatures
Frecipitation and temperature comparisons to
lorg-tarm s

Tempsrature depariure from normal

Fercert of normal precipitation

Snow depth

Top- and sub-layer soil maisture

Percent soil moisture in both soil layers

Mermalized Difference Vegetation Index (NDVI)
image anomalies for most major agriculural
regions in the world

+ Crop calendars
« Crop stress and alarms

« Automated maps and graphs (Crop Explorer)

i i ELRA E ETR Ty A S DS B AE PECAD §édlp DRAaFT

E-34

S 10,2000

S 10,2000

B



Crop Explorer Output

Bl [ g ad
— i edSea — L riy Baniary
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NI HRA | BT ST A DS BT A PECAD Gvilpd CEAFT Jow 10,2000 12

e

Remote Sensing Data Sources !

MOAA-14, 15, 16 AVHRR

Landsat 5 and Landsat 7

SPOT VEG

IKONOS

RTNEPH ireal time nephanalysis cloud medel)
Imager (on GOES)

SSMII (special sensor miciowavedmager on DMSE)
DEM

DOO0

TR HPA R ETE STy AS_DSET AL FECAD séalpl DRAaFT Jow 10,2000 13
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@ Potential NASA Data Contributions m

— Landsat Data Continuity Mission {LDCM) image

praducts {30-m GS0) (may replace VNIR-SWIR
multisgectral band data from Landsat & T and Landsal 7
ETI+)

— MODIS land data products (mainly at 1-km
=50, but some at 500-m and 250-m GS0)
« Show Cover (MOD10)
= Land Cover (MOD12}
- egetation Indices (MOD1.2)
= Leaf Area Incec (BMCC 5}
= Evapotransparation (KE2D18)
= Met Photosynthesis (B 7

— TEMM-precigitation and rainfall data

— EQ-1 Hyperion-may provide hyperspectral data that can
b Lised in the 350 Applications Research Toolbox (ART)

la simulate (by spectral band synthesis) and compare
dataseds from AVHER and MODIS

AR ETL ST AS_DSEr A S PECAD filpl CEAFT TSR] 14

@ Potential NASA Contributions ﬂ

» Calculation of area using imagery.

« Change detection.

« Aide and development of spectral library
of normal conditions and diseased states,

» Generation of more accurate “past”
precipitation estimates.

AR ETL ST AS_DSEr A S PECAD filpl CEAFT TSR] 16
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@' CADRE References

+« \Websites:
Crop Explorer

hipc!151.121.3. 21 8/rssiws/index. cfm
World Agricuftural Production OnLine
bty ey fas, Ll & gen feia pleur rerlitee . tm|

* Point-of-Contact:

Brad Coorn
UsDA

Forsign Agricuftural Service
FProduction Estimates and Crop
Assassmeant Division (PECAD)

i i ELRA E ETR Ty A S DS B AE PECAD §édlp DRAaFT
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HAZUS
Decision Support System

“First Look™ Evaluation

rIAlU

E.F-.FI.T-I-II'.'_'II..FJH E="WIND = FLOOD

"Ifi'."url.; I'Jﬂ'm 1 RS

Hin Fida RSP DES Br shust ond-HA 210 1
T e HA LS il ko pal CRAFT: tetatenad Compded by Rass 550 N hup

Disaster Preparedness ﬁ

« As partof its efforts to mitigate hazards and protect lives and property
from the devastating effects of natural disasters, Federal Emergency
Management Agency (FEMA) aims to provide individuals, businesses,
and communities with information and tools to work proactively to
mitigate hazards and prevent losses resulting fram disasters,

* One of these took is HAZUS or Hazards U5, a natural hazard loss
astimation methadolody developed by FEMA under cantract with the
Mational Institute of Bullding Sclences (MIBS).

«  HAZUS provides decision makers With necessary informatian to.

= JOENTIFY yvulinerable areas that may require planning consideralions (e.q.,
land use or building code requiraments |

- ASSEES the level of readiness and preparedness lo deal with a disaster
before the disaster occurs

= ESTIMATE potential losses from specific hazard events, incleding pre-
svent, near r:aktime, and post-event report capaklity

= DECIDE on how to allocate resources for the most effective and efficient
response amd recovery

— PRICRITIZE the mitigation measures that ne=d to be implementad to
rédise flture losses

Hin Fida RSP DES Br shust ond-HA 210
T e HA LS il ko pal CRAFT: tetatenad Compded by Rass 550 . hup
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HAZUS Basic Facts

HAZUS ks a PC-based software packags that allows users to run what-
if scenarios.

HAZLUS is currently abde to compute estimates of damage and losses
that could result from an earthguake,

HAZUS is being expanded inte HAZUS-MH, a muRi-hazard
meathadalogy with new modules for estimating potential losses from
wind and flood hazards,

HAZUS s implementad through Geographic Information System (GIS)
software and is availatée for East, West, and Central regions of the
.5,

HAZUS software is provided by FEMA free of charge, but purchase of
commercial GRS software is necessary to perform modeling.

Reguiarly schedulad HAZLS training classes are held at FEMA's
Matianal Emergency Training Centar lacated in Emmitsburg, Maryland,
75 miles north of Washington, D.C,

HAZIS

“ihin i RS BOGS Br s iord - 2UEL
Tk ik _HAZLE Sl ol CRAFT: Itabenal Compdad iy RSk S50 KT

-]

HAZUS Operational Concept

Hazard Data = I G
Earthquake | =
Inventory Fi 9 d i fieEs
|_imtsruption |
{Demagraphics LtERies W?:d
Popiiatian Wiafar
Senegs i Shalter
Ermploymait il B Gas
T 3
ku Hecine Posesr Casualties
IButding Rock 0T T A O e
Fasgamial Essentinl Facilities | Pociities |
Caminecid «  Hoaphss e
. Srhesls |_Responss |
- Faoloo Stabions
Fire Stabons Teanepanatia
Crifesl Faclitias i LEfly
Cams & Lavess
Apars P Faciiies o Water
Ports & HabaE Bl Fezamioos Marenials Sieg
Ferry Fadiies . el
igany Inctallaons e B} P
Impacts
s+ Tranoportatic
HAZUS guantifies impact of a disaster in ferms of econamic,
social, functionality, and sysiem perforrmance loss estimates,
hHin Fida RSP DES Br shust ond - 21T
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HAZUS User Levels

HAZLUS provides for three lavels of analysis:

«  Lewel 1 analysls welds a rough astimate based on the Matonwide Databages of
hazards and inventaries included in the HAZUS software,
= This is the bast way o begin the risk assesemen! process and priailize high-risk
comiminities bacause all of the nesded infarmation & embedded in he sobware.
= Lewsl 2 analysis requires the input of sddifional o refined data and hazard
miags thal will produce more accurate risk and loss estimates,
—  Basistanca fom local srargency managsmsnt personns. city plarmars, GIS
professionats, and olhers may be necessary for this level of analysis,
Lewvel 3 analysis vields the mest accurate estimale of loss and trelcally reguires
the imvolverment of technical sxperts such as structural and gectechnical
engineers who can modify loss parameters based on specific conditlons of a
COMmunity.
= This level analysis wil allow users to supply Beelr own techniques o sty specisl
concitiens such as dam breaks and tsunamis,
— Enginesing and ather expetiss is nesdad at this lswel,

“ihin i RS BOGS Br s iord - 2UEL 5
Tk ik _HAZLE Sl ol CRAFT: mtaenal Compdan iy Atk S50 KT

HAZUS Outputs

HAZUS provides loss
estimates for

«  Physical damage
— Damage to
residential and
commercial
buldings, schaols,
critical faciities. and
infrasireciure
«  Economic [ces
= Lost jobs, business
intemuptions, repar
and reconsiuclion
costs

«  Sacial impacts
= Impacts to peophe,
inzluding
reguirem ants for
shelters and medcal
aid

“ihin i RS BOGS Br s iord - 2UEL 8
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HAZUS Users

HAZLUS has been used since 1997

+  Faderal state, and locsd government afficialz ues HATUES for pre-disaster preparscness
ancl nﬂgﬂnn and post-disastar planren g & responsa
State of Wheorming - sanhopake mbigetion for gl 23 counties
— Sl of CE'S OFECe of Ermensncy Seices — e nhouske oo grsm
- South Carclina Emergancy Management Dhision - mubiphe facets of miigebon plannng
—  Shats of Liah — serthguakos risk desessmeant shudy
—  WiEEHEp0) ErmeOsncy Menagemenl Agency — eaniouake, (0o aeseler plannng
- Bushn, T¥ - Aood shodes
—  Fesaddena, CA — aarthguakes and Moo aness identitied
—  Cheods, R and MecHenbung County, pC - tieodplan Siuckes
- Evanmals, M —-rek sssessment and miahan planning
- Fortand, DR —sstamic ailnanabdivy of Buikdngs shdy
= Png-Peme Counbes, WA - SeetlE o Tavoma port-to-port comcor sathgesles winsrabiliby s ody
—  Mew ¥ork City Sraa Consorium for Earnhouako Loes MBpetion — carfquaks study by the
Rulidisciplinay Center for Eanhcnake Encineeing Racsarch
= Finencial institutions such as henks and insuance companies use HAZIUS fo assess their
auposure to the disasters
—  Chades Sohivah, Welk Fargd, Bank of Amenica
= Univessi$es (professors and graduate students} use HAZUS for advanced appled research
= MIT, Georgia Tech, Univ of ilinais, Fincscon Unke, Stantond Ui | G By
«  Trapspatation and uliify agencies use HAZLIS to assess the relishbilty of their systems
— g Dept Trans, LA Dept Water & Pover, FGBEE

Hin Fida RSP DES Br shust ond-HA 210 ..||
T _HAZLE b CRAFT: Matens Compded i MATE S5 I Al

HAZUS Inputs

« Inventorles of. *  Fleod information

= Demograghics = {Zroumd elevations (DEM}

= Building stock = Flood elevations

— Critleal facilities — Fleodpain boundares

— Transpotation « Hurricane information

— |Hilties — Sea surface temperatire maps
=  Earthguaks information = Central pressure values

= Tectonics = “Eye’ translation speed

Soll maps

— Cweund surface roughness

Hin Fida RSP DES Br shust ond-HA 210 3
T _HAZLE b CRAFT: Matens Compded i MATE S5 I Al
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@’ Possible NASA Contributions

Ground elevation data
= Shuttle Radar Topography Mission {SRTM)
« 30km GED Diogfal Ebsvation Madel
— Posting (ground sampling) distance cpbmization Sudy
+ LIDAE foodplan mapping profed n T and MG
+  Land use data converted to building irventory and
s0il maps
— Landsat ¥ ETh+
+ A5m GED pan-sharpened multi spactral imeges
— Tema ASTER
o 15w GED muSispecital irages
«  Zea surface temperature
= AguaTema MODS
¢ A-hm GED MOD2E data predust
+  Zurface roughness model validation
— S50 flus tower
+ Wind profile measuremants

Hin Fida RSP DES Br shust ond-HA 210 o
T h_HATLE il CRAFT: ttatens Compded by Mash S50 Fhap

@’ HAZUS References

= Websites:
- FEMA: htto/fanaw fema. govihazus
— HNIBS: hitp fwww, nibs argfhazusweb!

«  Point-of-Contact

— Clalre Drury
HAZUS Pregram Manager
Federal Emergency Managemant Agency
500 C Street, 5. W
Washington, D.C. 20472
Tel: 202 646 2884
Fax: 202 646 2377
E-mail: hazusfifema.gov

Hin Fida RSP DES Br shust ond-HA 210 10
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AWARDS
Decision Support System

“First Look” Evaluation

Bureau of Reclamation

Kanaging Wister in thie Amerizan West

Hin Fida RS RDES Br i ordSS@ ALE,
T e _APRERDS v bl o CEAFT: htabens |'_'|:|m|:.|g|] [y Pl S0 WL N

\Water Management ﬁ

=

= Accurate, timely hydrometeoralogical information is essential for
efficient water management.

- BEvapotranspiration (ET) the amount of water evapaorated from
=oil andfor transpired by plants, Usually expressed as a depth
of water per time pericd (0. 55 mmdhr, 8 mm/day, etc.).

= [t governs the design, planning, and management of irigation
systems and reservoirs around the workd.

— Itis a large source of water 10ss around the globe, so0 accuracy In
aatimation s of @xtramea importance.

= Agricultural water districts can conserve water, and irrigators
can improve their operations, when NEXREAD rainfall estimates
are coupled with ET models to provide better estmates of water
nesd

Hin Fida RS RDES Br i ordSS@ ALE,
T e _APRERDS v bl o CEAFT: htabens |'_'|:|m|:.|g|] [y Pl S0 KT8 |
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Water Usage Facts

= Largest usage of fresh water is irigation
— ~a% of the food worldwide (s grown with Imigated land
— ~80% of the fresh water used by man s used for Frigaton
(=3 Trillian cubic maters/year)

«  23% of imigated US farmland is damaged by sait

« Estimated water deficit in US. 14 billion cubic metersfyear
= Worldwide minimum estimabe) 164 billion cubic meters/year
(= Half of the LIS grain harvest

= 400 milion people live in water stressed nations,
3 billion by 2025

«  Chmate change is a néw wild card

— Decreased snow mells and shorter wintess will create larger vanability in
water supply

Hin Fida RS RDES Br i ordSS@ ALE,
T e _APRERDS v bl o CEAFT: htabens r_'.:.ml:ggu [y Pl S0 KT8 |

AWARDS Basic Facts

AWARDS: Agricultural Water Resources and Decision Support

= Orwvpar US, Bureau of Beclamation

— Largest wholssale supplier of water Inthe U 5 serves maore tham 31 milllon
peoplke i the 17 configuous Westemn States, providing more than 2.3 trillicn
gallons of water each year

« Purpose
= Improve the effciency of water management and irigation scheduling by
prosdding guidances on when and where to delrver water, and how much to
apply
o Uses HEXRAD houtty precipfialion product
+ Zdahour evapatranspiration product

«  |Msers
— Ressrwalr system cperalors, water distic! managers ( stafl, and srrlgation
crganizations use AWAR DS system products sia the internet o makes
cperational decisions

Hin Fida RS RDES Br i ordSS@ ALE,
T e _APRERDS v bl o CEAFT: htabens r_'.:.ml:ggu [y Pl S0 KT8 |
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ET Toolbox Basic Facts

« ET Toolbox builds on the AWARDS system, adding GIS land use to
specify crop. riparian, and cpen water acreage within each 4 km by 4
km grid cell

= Sgoumulates daily rainfall and water use estimates {rparian and crop water

e estimates and open walel evaporalion egimates) within specified el
reaches along the Rlo Grande

— Dally valees can serve as input for the Rlverldare D55

« Developed by the Bureau of Reclamation for use with the Upper Rio
Granda Water Oparations Model (LURGENOM)

— URGWOM is a mulli-agency effart (o develop a pume ol somputer surface
waler model that will cover the Rio Grande from its headwaters in Colorado

ba Fort Clultman, Texas,

— Cher the Middile Rio Grande river reach area, ET from riparian vegetation,

irrigated crops, and open water evaporation account for about 50% of the
waler depletions

“ihan Fidth RS EDGES B shost ord S AN,

Tk B _APRDE fva bl ppl

CEART: betarenal Compaad o Rass S50

AWARDS Operational Concept

v Thouriou NEXRAD Weather
*+ heurminfl | g adar Data Stations Data |~
astimates = -— ®
t, ——— ¢ .
USBR Computers. MWS Models "
Process Data Rain Forecastis |~
73 T, .r"i-d-
data with:
AWARDS .
4 Km = 4 ki Grid Cell Products: Internet .
«  HEERAD rainfall end
watershed rainfall waler
wolumes extimates
+  Efferfive ramfall astimatas Resarwoir Operators,
ET estimates for deterrdning Water Districts,

CrHp watar Lse

hrigation O ganizations

“ihan Fidth RS EDGES B shost ord S AN,

Tk B _APRDE fva bl ppl
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24-Houwr Data;

Maan temparaturs

I e ralative hurmidity
Mean wind speed

LGngs reinfall accupmlations
Tatal sclar radiation

Integrales NEXRAD and weather station

Crop ET eguations

Lecal tamain and soil informration
Efertive rainfall esimation procedures
Local dally muashren Lemg. nomals
Cheantitative precipitation forecasts
\Watershedh esensoir systems

Il gation waber dishibution systems

CEART: betarenal Compaad o Rass S50

G0



@’ ET Toolbox Operational Concept
‘ ‘

ET Toolbox
Produces ET estimates 4 km - 4 lam daily

comsumptive ume estimales

+  Sedayand 10-day running
averages of daily ET
+  Total daily agriculiaral, Internet
riparian, and wban ET

Aerial phatos 515 Land Use
and satellite « Acreags of Crops. Urban,
Imagery Riparian, and Open Water Ria Grande Basin
water ceetion budged
Hin Fida RS RDES Br i ordSS@ ALE, ?
WU _NARDE. kil o CRAFT: mtatenal Compdad iy RFAaSH S50 1B

@ AWARDS Outputs

« MEXRAD radar rainfall and TR e .
watershed rainfall water Sy
vaolume estimates

« Effective rainfall estimates

« Evapotranspirafion
egtimates for use in
determining crop water Use
requiraments

= |Improved efficiency of water
management and irrigation
scheduling

Hin Fida RS RDES Br i ordSS@ ALE, &
BrHO WA, v N ppt CRaFT: adensd Compdad by FATE S50 g
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AWARDS Users

= LS Dreparment of Intenor, Bursau of Reclamaton
Redamalion’s water managers inthe following regions are il the main uses:
= Upper Bla Grands Basin Projects of Colarado and Bew Maexlos
= Lower Colorado River Region Projects in A2, southern CA, MY, and UT
— ‘fakima and Uppar Columbia Basin Prejects in Washington
= Lrnatillz Basin Project in Oregon
—  Taulat Project in northwest eam Oesgon
— Fougs Rlver Basin Project in scuthwestem Oiegan
—  LUppsr Missoun Missoula Valsy Region in westem Montana
—  Soalh Platte Biver Basn i northeast Coloiads
= Canfral Platte River Basin in soulh ceniral Mebraska
—  Peges Biver Basin ln sastern New Mesico
= Lusget-Alhis Iriigation Destrict in scuthwesdtem Oklahoma

*  GState and Local Agencies
= Midde Rio Grande Consersancy District, Hew Maxico
= ity of Albucuercue, Mew Mexico
= Hgigona Deparimant of Water Resowces
— Cenfral Arizona Water Conservation Destrict
= Calfonia Deparmaent of Water Resources
—  Consjos Water Consermncy District, Colorade
—  Sealfism Mevada Water Aulbwiity

‘i eha RS BDGE st oA A DEL
Tk _APERLDS Evabialon po CRAFT: Mtaienal Compdad by Rash S50

AWARDS Inputs

« Effective rainfall estimates

*  Mean temparature

«  Mean relative humidity

«  Mean wind speed

«  Rain gage rainfall accumulations

+  Total solar radiation

«  Local terrain and soll infarmation

«  Local dally mas/min tempearature normals
«  {uantitative precipitation forecasts

= WNatershed f resensolr systems

+  [rrigation water distribution systems

= Dpenwater evaparation esfimatas

«  [Daily riparian and crop water use estimates
= Vegetation imagery

«  Land use maps

‘i eha RS BDGE st oA A DEL
Tk _APERLS Evabialon po CRAFT: Mtaienal Compdad by Rash S50
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@’ Possible NASA Contributions

+ AWARDS

— TRMM, GFM, SRTM, MODIS, Landsat T ETM+, ASTER

— GEFC Is supplying hydrological models using input from the NREL
TRMM Precipitation Product

~ Poszsible use of TRMM praduct to fill in NEXRAD gaps assockatad
with mauntains and terrain
« ET Toolbox
- MODIS ET products (MOD16: Evapotransplration and
Surface Resistance)
— Updated land classification information

« Landsat T ETM+ MODIS, ASTER

Hin Fida RS RDES Br i ordSS@ ALE, 11
T e _APRERDS v bl o CEAFT: htabens r_'.:.ml:ggu [y Pl S0 KT8 |

@’ AWARDS References

= \Website: http:/fwww_usbr.govirsmg/nexrad/

= Paoint-of-Contact

— Stevan Hunter, Mafeorologist
+ River Sy=terns & Metecrology Sroup
+ Tel: 303 445 2478
+ Email: smhunten@do.usbr.goy

= Tom Pruitt, Civil Engineer
= Ground Water & Dradnage Group
+ Tel: 303 445 2512
¢« E-mail: tpruittddo usbrogoy

- Dave Matthews, Manager
+ River Systems & hMeteorology Group
« Tel: 303 445 2470

+ E=mail. dmatthewsigido she goy A it
Bureau of Reclamation / M
Technical Service Center e = = e
Derver, Colorado Bfieny oy ppcussnOh
Hin Fida RS RDES Br i ordSS@ ALE, !1‘
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EIVET(llare
River\Ware

Decision Support System

“First Look”™ Evaluation

[ — Bureau of Reclamation

o= B i e WA D T B B RS W

Hin Fida RS PDEE B whus onFPerifiomd

T4 U0 G v e B CEART: betarenal Compaad o Rass S50

River\Ware Basic Facts

« Matonal Application: Watsr Management
o DIWNErs. US, Bureau of Reclamation (USBR) and the Tenhessee Valley
Autherdy (TVA) (1994-1985)

— Through a cooperative effoit between the USER and the Unbveraity of

Colgrado's Center for Advanced Decision Support for Water and
4 5.“-..‘:, Emviranmental Syslems (CADSWES), CADSWES supports, mamtalns

ol gt ard contineally enhanses the RiverWare software.

« Purpose

— Provide software tools for medeling and managing river “

basins and hydropovwer systems.
= Hardware REequirements
— Sun SPARCstation with Solans 2.7« operating system
— Windows NT / 2000 F XP
= Users
= IUSER and TWA = extensive users w
= .S Army Corps of Engineers (G Cffices)

— Mumercus state walsr resources degartments, regenal walsr
aukhonties, and several consulting firms

Hin Fida RS PDEE B whus onFPerifiomd
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@’ RiverWare Description

+ RiverWare is a generalized, interactive object-
oriented software modeling tool that can be used to
develop multi-objective simulation and optimization
models of river and reservoir systems.

« RiverWare can be used for managing multiple system
objectives and processes that include:

— Water quality and supply

— Flood control

- MNavigation and recreation

— Fish and wildlife habitat

— Hydropower production

g RQIVETIlIdrE
“han @it RS PGS Br shot orfFyverifiomd 3

T T i e B CRAFT: Mtaienal Compdad by Rash S50 ka0
@ Object-Oriented Modeling Approach

* RiverWWare model consists of a network of linked
‘objects” that represent features of river and reservoir
systems.

» Ohjects are named and contain their own data.

» Objects contain their own physical process algorithms
appropriate to a range of computational time steps.

+ Information passes from one object to ancother via links
connecting specific data structures, e.g., outflow of a
reservoir is linked to inflow of a downstream river reach.

« Approach allows madeler flexibility to describe a river
basin and reservoir system by customizing each object

without rewriting new code.
i EQIVErWare
R — ]
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@/ User-Selectable Algorithms (Methods)

Method categories for each object type

User selects methods time-step size, avallable input data,
based on: required outputs,
institutional regquirements

Power reservoirs —» FPower calc category
plant power, unit generator power,
peak power. Lowsr CO River power

Reaches = Routing category
no routing, timelag, Impulse-responss,
Muskingum, Muskingum-Cungs,
kiematic

“han @it RS PGS Br shot orfFyverifiomd ﬂ Ivﬂrmarﬂ E
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=

1. Simulation

Three Solution Approaches

Models physical processes for a vanety of input/outpLt
combinations — executed by a "controller,” one object at a time.
{upstream/downstream; forward/baclkward in time)

2. Rulebased Simulation

Simulation driven by user-specified, prioritized operating rules
{policies) expressed through an interpreted language - provides
logic for determining operational decisions such as resenvoir

releases
3. Optimization

Linear goal pragramming solution = user finds optimal salution for
each of a number of prcritized goals over the enfire network and

fime harizon.

Hin Fida RS PDEE B whus onFPerifiomd
T 0 T e
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RQIVErUare

G0

Run Control

Simulation

Fulebased simulation
Ciptimization

Fost Simulation Accounting
[nline Simulation and Accounting
[nline Hulebased Simulation &
Accounting

Select Time Step
1 Hr, G Hr, 12 Hr, Daily, Weekly.

Manthly, Yearly

Select Run Times

CRAFT: Itabenal Compdad iy RSk S50

Control Execution via Buttons
Run Status

G0

CRVEUEE
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RiverWare Inputs

Input Cptions Available to the User Include the Following
Parameters:

— Objects [features of the river basin} which can be opened to show

a list of two basic types of slots

= Time senss (inputs and outputs)

+ Tables {functional relationships and parameters)
Rule sets
Operating and policy constraint ssts

Fun controfler selection: simulation, rufsbased simulation or
aptimization

Time step for model rmins

Run times

Physical process algorthms o be used
Extzrnal source inputs

From Extemal Sources

Peaktime or relational databases
Outputs from other models

ASCI files ﬂ"ﬂrmﬂrﬂ

“ilan g RS ELDGE Es st riverfiorm
W BT G b

-4

LT Ptatensd Compded Do Pazs S50

RiverWare Operational Concept

\! / .
S /

“han @it RS PGS Br shot orfFyverifiomd
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@’ Data Management Interface

£ i

Impaort or export data fromito any external source (files, databases)
= Create external routines to tailor your applications
«  Define the DMI and execute it from within the River\Ware user
interface
« Extend or redefine start/stop time of the runs
«  Group DMIs together for operational updates

Hin Fida RS PDEE B whus onFPerifiomd
Treak-h0 P Ve 1 i b CRAFT: Mtaienal Compdad by Rash S50 I Aup 9

@’ River'Ware Outputs

= Dutputs are completely dependent on the data inputs and
policies chosen by the user for each model run
= Qutput Calculations from the following genenc features are;

— EStorace Reservoir Mass balance, including evaperation,
precipitation and bank storage, releasss, requiated and
unregulated spill; and sedimant accumulation

— Power Resenioir. Stofage reservolr processes plus turbing
releases, hydropower and enargy and tallwater elevation

= Slope Power Resemvoir, Storage and power reseivoir processes
Plus wedge storage reservoir rowting values

- Pump Storage Resarvoir, Powel resemvoil processes plus
pumping power and energy values

= Inline Pump/Gensrator: Pumping/generating power and enengy
ancl furbine/pump flow

= River Beach: Flow routes and gains and ksses

"

Hin Fida RS PDEE B whus onFPerifiomd
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@’ River\Ware Outputs (Continued)

= Dutput Caleulations [continued).
- Confluence: Mass balance at a river confluence
- River Gage; Measured or forecasted flows

— Water Users: Depletion (consumplicn), groundwater and
surface water return fiow.

= Diversion Gravity or pumped diversion structures
- Aggregate Delivery Canal: Off-line delivery canals

= Groundwater Storage: Temporary aquifer storage values for
return flows

= Canal Bi-directional flows between reservaoirs

= Thermal Object Economics of hydropower in total
hydrofhermal power systems

= Data Ohject evaluations of user-defined expressions.

“han @it RS PGS Br shot orfFyverifiomd 13
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@’ User Benefits

River'Ware is a tool for allowing the user to achieve
improved water management. The tool can benefit users
in the following areas:

= Short-term operational scheduling of flows, levels and  hydropower

- Mid-term operational forecasting
« Long-term planning and analysis
* Design of new system components or new operating policies

* Multi-chjective decision making for operations, policy or
design of new structures

+ Federal Energy Regulatory Commission’s (FERC) relicensing
studies

« Research and teaching in the area of water resources planning and

management
Hin Fida RS PDEE B whus onFPerifiomd 14
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@' RiverWare Users

+ .5 Bureau of Reclamation Cffices in CO, 1D, NM. NV, TX, UT. WA

+« Tennessee Valley Authority, Knoxville, TH

« US Army Corps of Engineers, Tulsa District, Tulsa, QK and
Kansas City Districts, MO

« MNational Park Service

«  Bureau of Indian Affairs

+ Arizona Department of Water Resources

- Kansas Water Office

= New Mexico Interstate Stream Commission

= Colorado DMRE, Division of Water Resoureas, Denver, CO

«  Metropolitan Water District of Southern California

+  Lower Colorado River Authority, Austing TX

«  Lower Meches Valley Authonty, Beaumont, TX

EQIVBridre

Hin Fida RS PDEE B whus onFPerifiomd 15
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@' RiverWare Users (Continued)

= Natural Resource Consulting Engineers, Inc., Fort Collins, CO
= Ayres Associates, Fort Colling, CO
» Riverside Technology, Inc., Fort Callins, CO

« Hydrosphere Resource Consultants, Boulder, CO — evaluate
Fecos River Compact Compliance

= 5.5 Papadopulos & Associates, Inc., Boulder CO

= Stetson Engineers, San Rafael, CA — San Carlos Apache
Vater Delivery Froject

« Wave Engineering, Inc., Mephi, UT

= Kentucky Water Research Institute, University of Kentucky,
Lexington, KY

« Southwestem Powsr Administration (DOE), Tulsa, OK

“han @it RS PGS Br shot orfFyverifiomd 16
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@’ Examples of RiverWare User Applications

« Tennessee Valley

TV& uses RiverWars in simulation and optimization modes for daily
scheduling of more than 40 reservoirs and hydroplants at a six-hour ime
step. Operating consideratons include controfling floods, maintaining
navigable depths, protecting agquatic communities, providing sutable levels
and releases for recreation, and achisving economical hydrapower
generation schedules

* Colorado River

LIZER has replaced both its lengterm policy and planning model {Colorado
Rrer Simulation System) and its mid-term operations model { 24-Month
Study) for the Colorado River with River\Ware rulebased simulation models
Theze models are used for policy negotiations, 1o estimate future salinity
mitigation needs, as well as to set the monthly target operations for the

entire 1ver basin,

Hin Fida RS PDEE B whus onFPerifiomd !?
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@’ Examples - River\Ware Applications (Cont.)

« Upper Rio Grande

An intaragency team including the LS, Ammy COE, the USER and USGS,
has applied Riverware's rulzbased simulation and water accounting to 2

daily imestep Upper Rie Grands Water Operations Model (URGWOM ),
The model tracks nathee water and San Juan-Chama transbasin diversion

water to fulfill compact deliveries, intemational reaty obligations, [ndian
water rights, and private rights and contracts

* San Juan Basin

An operations model of the San Juan REiver Basin in Arizona, Colorado,
ard Mew Mexico has been developed in a joint USBR and USGS effort.
The model k= driiven by operating policles to meet water supply demands,
fload controf, target storages, and filling criteria in ks reservoirs as wall as
improved habitat for the sndangered humpback chub and Celarade

squawfish.
Hin Fida RS PDEE B whus onFPerifiomd 18
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@ Possible NASA Contributions

» Air Temperature
@ — Terra MODIS
- Cpatial Resclution: 250 m, 500 m & 1000 m

— Aqua AIRS

+ Haorizortal Resolution: 135 km IR, 2.3 km WHIR

« Vertical Coverage {by pressure). surface to 0.015 hPa
- Terra ASTER

+ Spatial Resolution: VNIR - 15m, SWIR-30m_TIR -0 m

- Sub-orbital ATLAS
« Spatial Rescltion: 2 to 5 m

“han @it RS PGS Br shot orfFyverifiomd 19
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@’ Possible NASA Contributions (Cont.)

« Solar Radiation

— ERBS SAGE ||
« Vertical Resalution: 1 km

- Vertical Profile; 10 km to 40 km I;;ﬂ,jéi
— Temra/Aqua/TRMM CERES T

» Spatial Resolwtion: 20 km at nadir {10 km for TRMM}
« Precipitation

— TRMM Frecipitation Radar
+ Honzontal Resolutlon (nadir); 4.3 km
« Vertical Resolution (nadir). 0.25 ki

+ Vartical Covarage: Surface to 15 km R T T =
- Agua AMSR-E % -

L

+ Spatial Besoldion: from <5 km at 88 GHz to =50 km at & GHz

Hin Fida RS PDEE B whus onFPerifiomd 20
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River\Ware References

+  Website:

Attp:fesew usor. govipmtsiversfwarsmp'riveryare/index. html
http:ffcadswes . colorado edw/riverware

« Paint-of-Contact ﬂ Wﬂrmﬂm

— Terry Fulp, Manmager

+ USER River Systems & Meteorology Group, Dereeer, 0
+ Tel: 303 445 2470

+ E-mall: dinatthew s@do.ushb gov

- Edith Zagona, Director and Research Enginesr v T
+ CADSWES, U. of Colorado, Boulder, GO 2 e =
o Tel: 303 492 2188
+ E-mail: zagonai@cadswes. coloradoe.edu

— David L. King, Hypdraufic Engineer

+ USBR River Systems and Meteorology Group, Denver, T0
+ Tel: 303 445 2471
+ E=maildking@kda ushr, gow

Hin Fida RS PDEE B whus onFPerifiomd
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CMAQ
Decision Support System

“First Look"” Evaluation

N i RS R DES Er sbum ordMACT i
T h_CIAAG i sl e CRAFT: ttatens Compded by Mash S50 Fhap

Air Quality Management u

=  Ervirenmental Protection Agency (EPA) is autharized under the
Clean Air Act to provide technology transfer for public benefit,

« |nthe Clean &ir Act Amendments of 19590 (CAAL-SD, Section
103), a wide range of issues were identified
— Wsibility
= fine and coarse padicles
— indlrect exposura to toxic polltants such as heavy metals
— semkvolatile arganic specles
- nutrient deposition to water bodles

+ Based on these statutes, the development of the Community
Multi-scale Air Cuality (CMAQ) is based on the mission, geals
and objectives of the EFA with guidance from the Clean Air Act

“ihin i RS BOGS B s ibne WA 4
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@ CMAQ Basic Facts

« CMAQ is the chemistry and transport component of Models-3,
an integrated modeling and analysis framework,
= The CMAC modeling system has been designed to approach air
quality as a whole by including state-of-the-acience capabilities
for modeling multiple air guality issues, including
- wopospharle ozone
— fine pariclkes
= toxics
— acid deposition
- wisibility degradation
« CMACIwas also designed to have multi-scale capabilities so
that separate madels were not needed for urban and regional
zcale air quality modeling
« CMACHscience code and its updates are available on the
Intemet via anonymous ftp

“ihan Ficti RS EDGES B shust inraTWACT

Tk ik CIRA G s il ion. ol CRAFT: Mtaienal Compdad by Rash S50 -Gup0
@' CMAQ Operational Concept
+  The CMAC modeling system contains three types of modeling
Components:

— Meteorological modeling system (MM5) for the description of
atrnosphernic states and motions

— Emission models (MEPPS) fer man-made and natural emissiens
that are injected nto the atmosphera

— Chemistry-transpo it modeling system (CTM) for simulation of the
chemical transformation and fate

= The CMAC also includes six interface processars;
— Metaorology-chemistry interface processor (MCIF)
- Emissions-che mistry interface processar (ECIF)
= Phatolysis rate processor (JFROC)
— Initial eonditions pracesser (ICON)
- Boundary conditions processor (BOON)
= Chemical-transport madel processor (CCTHM)

N i RS R DES Er sbum ordMACT
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E-62



CMAQ Structure
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CMAQ Outputs

= Computation of parameters for deep convective and shallow
clouds

= Computation of surface and planetary boundary layer
parameters.

= Hourly three-dimensional emission data from separate source
type files including mobile, area and point

= Computation of temporally varying photolysis rates.
« Concantration fields for individual chemical species.
= Reactions of pollutants in the agueous phase.

+ [etection of the formation of secondary aerosols.

= Simulation of plume rise and growth.

= Hourly predictions of gridded concentrations of fine and coarse
mode particle mass

= Modeling atmospheric transport and deposition of semi-volatile
aranic compounds

N i RS R DES Er sbum ordMACT
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CMAQ Users

Farsign Usars +  State Agencies
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[MAHE-WLY InG. — Cambrickss, Wi
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CMAQ Inputs

Gridded atmospheric data that have at least these vanables:

= zga-level pressure, wind, temperature, relative humidiy and
geopotential height, and at these pressure levels: surface, 1000,
850, 700, 500, 400, 300, 250, 200, 154, 100 hPa

Topography

Land use information

Earth's surface albedo

Vertical ozone profiles

Total czone column and turbidity

Temperature profiles

Aerosol number density profiles

Emission inventory data

Observation data that contains soundings and surface reports

“ihin i RS BOGS B s ibne WA
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Possible NASA Contributions

Atmnosphernc particles & frace constituents
= Tewa MOPITT
Hosizanis Regohgian J2 br wi nadi
Werical Feealpion 3 bm

- Tema MODES

B il il il b - 50 o, S0 0K i 20
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!@Mg ISl
e Workoad Coverage: Bardeoe w0 -5 i
- Agua AIRS

Henmenisl Resciutiare 138 kn IF, 25 n YHIE

Yirkcsl Corerage [by proesum | sudecs fo 0 018 1Ps

Estrateneslial rradiation
— ERBEs 5a8GER

Wil Cad Prasalatae 1 b
v Ve Peofle 10 bpd 140 ki

—  TemalfcualTRMN CERES
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CMAQ References

=  Publications:

— Srcience Agovithms of the EPA Models-3 Commuonity Multiscake Air Qualiy
[CMAQ) Modeling System, 0w, Byun and JK.5. Ching, Eds,, EPAGSONE-
SE03A0, Washngton, D, March 18540

— Afternative small scale meteorology input to & chemica! fransport model K.
Lazarova, Ph.D. Thesis, Drexsl University, Philadelphia. P&, 2001
(avalabie onfine at URL htip:ithesis Birary.dressl edularchinesO000 00280

*  Wabsitas!
=  EPA: hitp:ifwww epa_goviasmdned models3omag . himl
= &S hitp: e crmascenter ongl
*  Pointot-Contact
— Hennsth L. Schere
CMAL Program banager
Envirommental Protection Agency

Ez24%03
USEPA hMalioom

Research Triangle Fark, NC 27711 ™
Tei: B15-541-3785 ‘*

E-mail- schere kennethi@spa gov
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HAB Bulletin and HABMapS
Decision Support Systems

“First Look™ Evaluation

Hin RSP LDES Er dusicnl-i D Bd e
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Coastal Management w

+  Concerns about hammful algal blooms (HA Bs) haee increased in racent years
largely bacause of the perceived raise in the number and duration of HAEB
enerts.

= The Harmful Algal Bloom and Hypoxia Research and Contdrol Act (HABHRCA)
was dgned inte law on Mevember 13, 1928, becoming P.L. 105-383,

*  The &ct recognized that many of cur naton's coacstal aress suffer from harmiul
algal blooms and hyposia sach year, threatening coasial ecosystems and
endangering human health

—  Taxins produced by thess algal species cause finfish and shalifish poisoreng, and

rocrtadity of rmarine animals, induding reammals and birds,

—  Socioeconamic logsesin the LLE froem HAR svants armaunt ta 547 millicn par yaar:
= Addiional healihrars ooss
« Decling i prapeily walues
s Leoet squacuture produchon: miasswa Fish ks, deosures of chelfish bads
+ Decling o reresnijes Troim Dol sm e b oboesijnaes

= Advanes waming of HAB s increasss the options for managing these events.

Hational Qoeanks and Atmospheric Administration (HOAR) developed dedsion
support systems, HAB Bulletin and HAE Mapping System (HABMapS). that
provide information on the location and extent of developing and existing red
tide Blooms in the Gul of Mexeo.

fr“
Ial""'Ilnl"v
Hin RSP LDES Er dusicnl-i D Bd e
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@' HAB Bulletin and HABMapS Basic Facts

HAB Bulleting ara generatad by the NOAA Mational Ocean Service
and the National Envirenmental Satallite Data and Information Sarvica
to provide notification of bloom conditions to state and [ocal coastal
managers in the Gulf of Mexico,

= HAB Bulletms are senf via e-mail to redistersd users during a bloom event,

— They are also available on the CoastWalch website

— Bulletins are distributed in the Adcbe Portable Document Format (PDF),

The HABMaps is an imteractive mapping tool that can be used o
access recent data on harmful algal blooms in the Guif of Mexico and
on the environmental condifions that may affect the spread of these
Hooms
= HaABKapsS is accessible via Internst on the NOAS Coastal Services Center
server only Internet browser soffware 5 reguired,
— HABMaps is a componsnt of the Harmful Algal Bloocms Observing System
(HA&BSOS

, LEbp{rh] BESRLE, REOEE IR, RHD YRS HEGL AN

*!g SNOAA Coastal Services Ceniler

Hin RSP LDES Er dusicnl-i D Bd e
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=

-

HAB DSSs Operational Concept

The experimental HAB Bulletin alents subscribers to developing
blooms and changes in the location and extent of existing
bloomes.

The HAB Mapping System (HABMaps) provides the position of

an identified bloom and data from environmental conditions that
may affect the extent or position.

Both tools rely on remaote sensing technology 1o provide the
large spatial scale and high frequency of obsersations reguired
to ass=ss bloom location and movements.

These tools can be used together to provide a regional
perspective on HAB events,

The tools are currently designed to address Hareria brawvis,
farmerly Gymnodinium breve, blooms in the Gulf of Mexico, but
further development of the D5Ss is expected

Hin RSP LDES Er dusicnl-i D Bd e
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HABMapS Operational Concept
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HAB Bulletin Outputs

«  HAB Bulleting include information on wind condidions, chiorophyll
levels, and potertial or actual boom events.

Eaporimariiad Gl f ol Me o
Harmiful Adga! Blesops Bl
T Ty 3BEY
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SR ER o ands snd SI0F

Lo Salasas Sud |
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HABMapS Outputs

+  HABMapS provides the following data layers:

-

Sea Surface Temperaturs [S2T) bom the Advanced YVery High Resolistion
Radismetar (AWVHER) Instiiaments mourbed on the NOAS Polar Opsrafional
Emvcnmental Satellibes (POES)

= 1-bm spatal resoubon

= ealable o pradous 3 dins

¢ upsdaled nidhoy
Wind speed and direction Sam NOAS Mational Data Bucy Canter (NDEC) buays

*  updaled every & hours
Wind speed and diredion Som the Saallinds instrumant on the MASA CuikSCAT
bl

+ ewaikble fo bhe ST 33 hous

4 updated nighthy
Sea surfnce cument speed and direction fiom Texes Subomatscd Buoy System
(TAES) bueayn

+ Updated avy B RS
Irn st cell counis for resd Sds

s ypdated when deta beooms aval able
Battymsry Comowrs generated from a map created for the U5, Dapartment of the
Imtaricr
Shellfish beds in the Gulf of Mezico as representad in the National Shelifish Regste
af Claeified (arowing Wakers

*  pubisrsd most racsnthy in 1905

Hin RSP LDES Er dusicnl-i D Bd e
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HAB Bulletin & HABMapS Users

+ Peceral Agencies

MG E — TRaNIFS Priject

EPA - Guf Caast Frogram

B4 - Maticnal He glth aed Emviranmsania ERects Feseanch Laboralody, G ulf BraszsdDilies of
Fagaanh ard Ddvalo pmasnt

Cepartmesrd of Energy — Office of Science — Pacific Morthwse=t Mational Laboratory

RCAS Matonal Ersdrcnmental Satallits, Data, and Inlomation Servics [NESDES] CoastWanch
FCHEA, NESDNE Misional Coastal Dala Devsl opment Center

FOAS Maional Marra Fisheres Servca Headjuansrs

MCHRE Paonal Ccean Sarvica (RS Conter for Codstal Ocaan Soance

MDA, MOS Coasla ) Semiceg Center

ROLA MO S Exuarne and Ressne Crameon

MCIRA NS Science Cifice

* ﬂﬂh: and County Agendes

Babama Dapartmant af Pubdic Hasfith

Flodicka Depamment o Environrmental Praiesciom

Flonda Depamment of Agnculiure and Consumear Sandoas — Dikision of Squaoaiung
Fleaicka Fieh and Wikdie Conearvaiion Commsgon — Fercks banne Regsesrch Ingane
Lsiiziare Dapartmant of Haddth and Hoapitale

Taxaz Parles snd'Wildlife Depart mer

Taxas :.-apanmpnr of Headth

Colber Comnby Govermmsni, Flonda

. mmm and Non-Frofit Grganizations

bite kaning Lanialony — nen.prolit ongEnization in Sarsans, FL
Lnrvergity of Texas Marne Soanca | nebtule

Iinfver gty of Mew Hampahine

Unrversity of Socthern Mississippi
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HAB Bulletin & HABMapsS Inputs

+  {gean color

=  GSea surface lemperature
Sea suface height

= EBuiface waves and fronts
Wind fields from satellite Imagery
Laser flucrescence Imagery

= Salinity concentrations

= Local currents

= Land useland sover infarm atian

= Ceoagllineg topography

«  Coadtal mpebiols surface amounls
Local algae cell counts

«  Bathymetry

= Shedfish bed locativns

+  Locational data layers

= Buoy winds and currents

*  Tempaoral scake of sedimaent concentration settling decay

Hin RSP LDES Er dusicnl-i D Bd e o
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Possible NASA Contributions

= {cean color, sea surface temperature, chlorophyll concertration
— AguaTera MODIS
+ =km G0 MODH B to MOD2E MODS, MOD3E, and MODIT ocean data produds
* Wind speed and direction
= ALHEQS I SeaWinds
+ G-k GS0 wind vector felds
+ Land usedland cover data
— Landsat 7 ETh+
+ 15m GED pan-sharpensd mulhspsctral imagss
— Temra ASTER
v 1Bm G50 mulispecinal images
« Coasfline topography
= Shuttle Radar Topegraphy Mission (SRTM)
+ 30-m G50 Digtal Ebsvation Model

Hin RSP LDES Er dusicnl-i D Bd e 10
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@’ HAB Bulletin & HABMapS References

« DM Anderson, P. Hoagland, Y. Kaoru, and AW White, Estimaited
Annual Economic Impacts from Harmivl Algal Blooms (HABs) in the
United States. Technical Report, Woods Hole Oceanographic
Instiution, September 2002

e bsites,

= PRtpcihwwiw o5 noaa. go'ershab i
- hitp:fieoastwateh noaa gevihab!
+  Subscriptions and help:
= E=mail: cecifcsc.noaa.goy
+  Pointof-Cortact
= Mary Culver
Coastal Sewvices Center
Mational Oceanic and Atmaspheric Administration
Zharleston, 3C
Tel. 843 740 1250
E-mail: Mary. Culven@inoaa. gov
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@ BASINS Basic Facts

« BASING s a muRipurpose erwironmental analysis software for use by
regional, state, and local agencies in performing watershed and water
quality based studies. It allows users to assess water quality at
selected stream sites or throughout an entire watershed.

+  Consists of a suite of Interrelated components — databases and
assassmeant tools integrated within the ArcYiew 3.« anvironment,

+  Originally released in 1996; Varsion 3 is the currentversion. Vearsion 4
ls expectad to be releasad in the fall of 2003.

«  BASING has three major objectives
¥ To facilitate examination of anvironmeantal Information

# Tosupport analysis of environmental systems
# To provide a framework for examining management alternathves

PregecinlCoanhd Wansgmenl DG F ratlead,
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BASINS Operational Concept
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BASINS User Levels

= BASIMS has three geographically based analybeal tools for reglonal and site-
specilic analysis

— TARGET enaldzs a ioadbased evaluation of awatershed s wates guality andion point
source leadings. It is designed to perform analysls on the enbire area exbacted (e.qg.
EFATegons state)

= BSSESE cperates on a dnghe of lmibed et of watersheds and Facuses an the stafus of
specilic waber quality slations o dechar ge facilies and thel procimity b water bodies,

= [Drata Minitg lets BASING users more lly access the water quality and point source
databases Data Mining complements both TARGET and ASSESS by allewing uses
to progress fom a regianal analysis to a ste-spachic analy=s

= BASINSG proides a choice of in-strearn. watershed. and loading modals.

= QUBLTE s & cne.-cdmensonal waber quality modal thal allows snalysis of pallutant e
and transpert of both paint and non-point source loadings through Seleched sirearm
sl

= HEPF is a watershed rvodel that simul abes non-point source runoffand pollutent
loadings for & wetesshed and parforms flow and water quality routing in reaches,

— EBWAT is a physical baned, watershed scale model that was devsloped to predict the
irym;ri of land management practices on watsr, sediment, and agroifbural chemical
yisdele,

—  PLOAD s sirnglifed GUF based model o caleulating pollubant kaadng fem
wataisheds. |§ estimates non-poird loads of pollution on an annual average basts e
aity user-spetilied pollutant.

PregecinlCoanhd Wansgmenl DG F ratlead,
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BASINS Outputs

Watershed Characterization Repons

Point Source Imvertory
Frovicies a summeny of dschanga faciines
N0 polbant Jes e O koadng

Water Cuality Summary
Frimicies a summany of walsr quaiy
moniorg sahors

Taxic Air Emission

Friwiches a sumimeny of faCilies thal ans
part of the TR and havs esimsted ar
redaarses o @ peiloder podkitant

Land Use DistriLion
Prowices a summiary of land use
dratribiunicn frdargan Lesel | &1
Classhicaton)

State Sodl Characteristics
* Prosices o summsey of e apatal
war @bl ity of selacted soil paramebers
Watershed Topographic
Priwd (3 & sTakictica | summary and
ditntiution of dsoreis lBnd sutface
plevahons end @n akvahon map

PregecinlCoanhd Wansgmenl DG F ratlead,

T 0 _ BRI, v e DL

USEFA

Regional, State, Tribal, and Local Water Quality & Watershed

Managers

= Developmenl of TMDLS for mpared watérsays

.5 Army Corps of Engineers

PregecinlCoanhd Wansgmenl DG F ratlead,

T 0 _ BRI, v e DL
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BASINS Users
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BASINS Inputs

+ Base Cartographic Data +  Point Source/Leading Data
= Hydislage:, Roade, Places =  Paimit Compliance Sysbem Shes
EtalelCounty Boundaiies, EPS and Compued Annual Loadings,
Fagions Indusirial Faoltes Discharge Sies.
: Taxic Release niventory Sites and
* Emrrunm?rtd Backgrouryd Data R Eld EHM?E.IFIE’H.IHH
= [Eesadioni. MIWACR: Belninss, Matianal Fricrity List. RERIS Skes,
STATSG0 Database. Managed MASMILE '

Area Database, Reach File | stream
nietwork far magor rivers), National
Hydrography Dotaset, DEM. LULC,
Maticnal knventory of Dams
Environmental Monitoring Data

= Water Cuality Moniorning Stasians,
Bacteria Monitoring Stabions,
Mational Sediment nvent cry
Srations, Fish & Wilclfe Advisones
Listz. Gage SHes. Waathar Stations.
DCrinkang Water Supply Sites.

Watershad Date Stations. Glassifed

Lhellfish Areas
PregecinlCoanhd Wansgmenl DG F ratlead, ?
ok i LRSS, v e O CEAFT: htabens |'_'|:|m|:.|g|] [y Pl S0 KT8 |

Possible NASA Contributions

= Ground elevation data
= Shuttle Radar Topography Mission {SRTM)
+ 30-m GED Digfal Elsvation Badel
— Tema ASTER based DEM
= Land use ! land cover data
— Landsat 7 EThi+
+ 15m G50 pan-sharpened mull spectral images
— Temwa ASTER
+ ABm GS0 muSspeciral mages
= Tema ! &gua MOCHS
+ 2E0-m, 500 multspectral Inages
«  Coastal Water Qualtty Algorithms

= Although spatial resolstions of MASA missions are
typically too coarss for this DS S, the algonthens for
edimating waler optical propedies and constituenls
i&.a., chlorophyll cencentration) in coastal areas may
b applicable

PregecinlCoanhd Wansgmenl DG F ratlead, &
Tk _BAIS v DRAFT: habenal Compdad iy MASH S50 aapld
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@' NASA Workforce Experience

Land Use/Land Change Analysis

PregecinlCoanhd Wansgmenl DG F ratlead,
ok i LRSS, v e O CEAFT: htabens r_'.:.ml:.gu [y Pl S0

@' BASINS References

* \Websites
- hitpiiwww . epa goviostbasing

= Paoint-of-Contact:
L. Rus=sell Kinersan
Modeling and Information Technology Team
Standards and Health Protection Divisicon
Office of Sclence and Technology
L3, Ervironmental Protection &gency
Mailcoce - 4305T
1201 Pennsylvania &vea., MM
Washington, 0T 20460
(2021 566-0402

PregecinlCoanhd Wansgmenl DG F ratlead,
- ELESRE e D CRAFT: Mtaienal Compdad by Rash S50
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=

Coral Reef Environmental Warning System
(CREWS)

NASA Feasibility Assessment

TN i RSP LGS B dust ionlDG E_nama
T kPSS gevitsalioe prl CRAFT: btatena Compded by MAash S50 Fhap

@ CREWS Facts

= Owiner Agency:

MOAARY ANt Oeeanagraphic and Meteoralogical Laboratory
*  Point of Contact

Jim Hendee

Coral Health and Monitoring Program

ACMLMNGAA
Miami, FL 33149-1026

TN i RSP LGS B dust ionlDG E_nama 4
T 40 e _LS s e ol CRAFT: Itatenal Compdad tr Pass S50 Weapm T
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@' CREWS Operational Concept

The Coastal Resf Early Waming System (CRENS) produces automated
electronic mail and Werld-Wide Web alerts when conditions are thought to
ke conducive to, or predictive of, coral bleaching. Data from remote sites
are collected comtinuously and transmitted via satellte to Wallops Island
Wirginia. The analysis of this data has been automated by a near real-time
rukz-based expert system which produces the predictions and alers
CREWS operates under the NOAA Coral Health and Monitoring Program
{CHAMFY.

CREWS can be extended to monitor additional parameters and prepars
alerts to other tiological and natural events.

Instaliation of new meteorslogical and oceanographic monitanng stations
Is unclerway (@.0., Les Stocking Island, MW Hawaikan Islands, St Croix).
Remote statlons can cost up to $3150K. Fermiting for new sites can be
difficult Stations nesd maintsnance.

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_m B _ il iod pl CRAFT: Itabenal Compdad iy RSk S50 KT

@ CREWS Operational Concept (cont'd)
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@ CREWS Outputs

=  E-mail and internet aleds when conditions are thought to be conducive

o, or predictive of. coral Bleaching.

ihan Ficti RS OGS B shust iondl¥E B_noarra

T d_L3 5l ion CRAFT: Mtaienal Compdad by Rash S50

@ CREWS Inputs

= Wind speed
«  Zeatemperature
«  Sallnity

« Transmissometry

«  Photosynthatically Active Radiation {PAR)
«  Ultraviolet light

«  Tide level

“ilan i RS ELOGS Ee st ionliS 6_nama
T _COS 5 _evaiuialio0 ppl DFAFT: ttatens Compded by RAass

S5

G0

G0
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@' Possible NASA Contributions

=  Zeveral CREWS input parameters are available via remote sensing.
Wind speed is available from NASS QuikSCTAT. Sea surface
temperature is available from NOSASNYHER and MODIS on HASA
Terra and Aqua missions. MODS also produces a PAR product, water
urbidity products, and sevaral chlorophyll fluorescence products which
wollkd be indicators of coral reef health

« I CREWS reliad more heavily on satellite data, construction,
maintenance, and parmitting issues would be minimized.

« CREWS Is a real-time systam which means that NASA imagery must
be processed operationally with quick tum-around (mayba 24-48 hours)
to be useful inthis application,

«  There is synergy with the ReefBase DSS,

“ihin it RS BOSS Fr s ionDFE B_nama 7
Wi i_m B _ il iod pl CRAFT: Itabenal Compdad iy RSk S50 KT

@ Possible NASA Contributions (cont'd)

=  Zatellite data is already included in CREWS in some fashion. NCAS
reports that CREWS is used together with NOAA's satellite-
monitored high sea temperature (HotSpot') data and biclogical
monitoring data. The role presently played by satellite data (f
any) in CREWS s not clear at this time

“ihin it RS BOSS Fr s ionDFE B_nama @
Wi i_Cm 5 _risisdiod pel CRAFT: Itabenal Compdad iy RSk S50 KT
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@' NASA Workforce Experience

Coastal Water Quality
Carlos Del Castillo, Richard Miller, Callie Hall, Bruce Splering
(Stennis), Coastal remote s2nsing applications development

= Frank Hege (Wallops), Lead Investigator for Ocean Color
Crevelopment and Yalidation

+ John Moisan (Wallops), Lead Investigator for Coastal ocean
chservation, simulation. and analysis

Coral Reei Mapping and Health Assessment

« . Wayne Wright (\VWallops), Lead Investigator for Experimental
Achyanced Airborne Research LIDAR (EAARL), Seagrass and coastal
habitat applications

+ Liane Guild (Ames), Ecosystem Sclence and Technology Branch,
Remate sensing of coral reef health

Eemote Sensing of Ph lankten Physielogy and Taxonom
Alexander Chekalyuk Wallops), Lead Investigator for &dvanced
Coastal Laser Blomonitaring, Phytoplankton physiological assassmeant
Lsing superactive-active-passive (SAF) systems

TN i RSP LGS B dust ionlDG E_nama
T k_PSE_Gvisal e prl CRAFT: ttatens Compded by Mash S50 Fhap

@' CREWS References

= Welbsite: hitpc/dweeew. coral.noaa govicrw/process. shitmi
«  Publication:

Hetdee, J.C., G Humphrey, and T. Moore, A data-driven expert
system for producing coral bleaching alerts, Frocesdings of the 77
intarnational Confarence an Davelopment and Application of
Computer Technigues fo Environmental Studies, eds. DWW, Pepper,
C_A_ Brebbla, and P. Zannetti, Computational Mechanics
Problems"MWT Fress, Southamplon, pp. 138-147, 1258

Herdes, J. A layman's gulde to the CREWS netwoark.
hittpdfwwew, coral aomil noaa govicrw/crews_layman, pdf

“ihin it RS BOSS Fr s ionDFE B_nama
Tk o5 vl oo ol LAk T, itarensl Compsad iy RAass S50 Nhup
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GNOME
General NOAA Qil Modeling Environment

Decision Support System
First-Look Evaluation

el FroesthaC s e e gaTEnlGHONE of CRAFT: mtatenad Compdad by RAaSE S50 LT 1

@’ Coastal Management ﬁ

*Federal, state, and local coastal managers levels are responsible for
= coastal resources planning
- envirenmental campliance
= avert response

«Coastal management issues include
= Harmful algal blooms
— Benthic mapping
- Community grawth
- Coastal water quality
= Anaxia’hypoxia
= Sea level rise
= Coastal inundation’erosion
— ‘Wetland assessmant
— Ceastal habitat conservation

The purpose of the Coastal Management National Application is to
evaluate and benchmark MASA data, azsimilation technigques, and

technologies to support operational coastal decision support and

coastal NSDI

"
el FroesrhaC s e e g GHONE of CRAFT: mtatenad Compdad by RAaSE S50 Mhapld <
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@' GNOME Coastal Management

+ GMNOME is a free computer program downloadable from the Internet

= Predicts how wind, cumeni. river flow, and tidal processes might spread an od
epill acroas water oover 3 specified period of tme

— Teaches how predicted ol trajectories are effected by unpredictabilty of current,
wind observations. and forecasts

= [lescribes how spilled oil is predicted to change chemicaly and physically over
timea

= {an be usad by the general puklic for educational purposes or by professicnals
in the diagnostic mode to input exact vital statistics

~ Containg a G5 extensan that can be downloaded. mstalled, and used in
A rciew

+  Users enter a splil scenario description into the program

— GHOME creates and displays an oll spill movie showing a best-guess predicted
frajectory and associated minimum regret (uncemtainty) for your scenano over a
specified time pesiod

— Files centalning prepackaged map, Wde, and current infonm ation for
20 lacations worldwide can be downloaded from the Infemet

g Pl il W e g emendfiROs E of CEAFRT: htatensd ampdand by il S

@ GNOME FEacts

=

« Developed by the Hazardous Materials Response Division (HAZMAT]
of the Mational Oceanic & Atmospheric Administration Office of
Fesponse and Restoration (NOAAIDRER)

+ Uses surface and wind=driven current information, tidal tables, and
river flow rate calculations fo predict oil trajectory

Uses weathering algerithms to make simple predictions about the
changes the oil will undergo while exposed to the environment over
time

+  Three model modes:

- Slandard Mode — Uses prefoaded data, such as aréa map, tidal information, and
dominant current patterns, most commaon in specified area in downloadsd
location files

— {515 Made — Trajectory can be culpul In @ gearelerensed farmal thal can be used
as input to GIS program as gecreference point shapefilas

— Diagnostic Mode — Provides full tactical support of acheal =pill responae for
edpeart moedading by professionally trained personnel with reak-time weather
current, and tide data

g Pl il W e g emendfiROs E of CEAFRT: htatensd ampdand by il S

=
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@“ GNOME Facts

. Each location file comains generalized information ah-:luﬂi'ifﬂlﬁy_,:
currents, and shorelines and is unlikely to mprﬂunt#mumum i}
existing at any particular time at the depicted location

— Location files are used-only tﬂ,wme‘}nll :ﬁmam: fer Iﬂ-nln& and &duﬂfml
purposes, nat for actual =gill I'EFIBI'IS-E i
- Report any ofl or chemical spills in, Li - an'ﬂ,'qai  la tha U_5. Coast Guard Naﬂnmal
'Response Center at 1-:54}0414-5&&&
+ Initial drill estimates of oil splll trajm:mry are macde within an- hour of
‘actual spill time

+  Can guickly be updated, re-run, and saved with new information
= Reinitiafzing of GHOME tregectory in responss to over flight to locate slicks and
eheans of cil on water visually
« Unified Command might select protective strategies, such as placing
booms or skimmers, to prevent of minimize the amount of oil
penetration to sensitive areas

— Shebfish beds ]
— Miarshland . )
— Seabrd nesing of rocks ar |slets jl
o
- Marinas L vy
N e WiE g ATEnGHOME o DRAFT: haens Compded i MESSE S50 W kap B
i n .
GNOME “Standard” Operational Concept
= Free Internst F
o, .
Iirgoesh andl
Wiindores
famats + Uszarinendy
Intarface
+ For pducatianal o
e T I ]
' R A UEE (e TEsion
wwith differant bdes | wird
speecs AN AF eCmon,
= Trajachony estimanes of
4pil
= Chnce et the =il wil
NI 0 unC ey
= Weums of splksd ol s epeesaried spacilied area e 005
2= & 56 of sl docs caled splars
]

LT



@" Standard GNOME Printout Example

tdode Rode Stendard Seenano Mare Nobils Bey Scenano 3
E=timats Tor 18 00 0S010E Pregsirad by RooZars Wicona
Propared ;1207 0ECES0A Contart Fhons: 7326887241

TS ety wa ohieel s o b o o ol oenieins e a5 0 NE Locaiem Fie o i skkehi1e o e o apiitn i
et i ] 49 sy g iomllw e oo S e depioied oo, Tlas | acofivn Fales anly i creo ol ensserisa oo froie ing el sducaissal
s s, (O T ST A S

iF e

| - I

Hiack Splcts Bact Guaes, Red Spiots Lincartainty

Spder Wt n Balands Tolak (S2sl uecs)
hictle By Foleased 1000 barrelz
Frwar o BO kcts Evaparaled and disparesd. 353 hamds
Wingd: Conenser X kN rom NE Beached 500 bamels
Furbar of Spiks: 1 Off Map:  bareks

Fiating. 158 hamals
Ny i )] ] M=RCSIE Df CRAFT: Mtaienal Compdad by Rash S50 M hupd T

@’ | GNOME “Professional” Operational
Concept
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@/ GNOME “Reinitialize” Operational Concept

v Curmedniy avalabie only ror
ESRI Anc b sw

+ Gpoieheranned (0 the Same [oorinana
SSIE OF CEN e roesC] on e

+ rped Aight mapeny

Ivaie & iy —
Mawer, Updatad + Dioploy responsa team to placa
D00 O uss Skimmers T
Pt TUNE prewart! or minmers =pdl palbten

‘I FroEhacosrs W g ameniGHON E i CRAFT: Mtaienal Compdad by Rash S50 KT8 | g
Moblle Bay Ol Splll Scenarlo 4
Tima of 2Pl by 31, 2005
Curation: 30 hours after spil Thiz bam e ry wea ¢ sasts b usirg o st bogicadly cumea b o s GHOME Locsim File ond o und ey i
Pecors i R | Ao el e s e e
Blatural colar Imfrared
‘I FroEhacosts W g ameniGHON E i CRAFT: Mtaienal Compdad by Rash S50 W-hapa 10
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@/ GNOME “Analyst” Operational Concept

* Polnt data from GNOME can be read into a companion program. GHNOME
Analyst, which can derive oll eonceniration comlours

"

iy Latbe o] H] I:HONE o CRAFT: Mtaienal Compdad by Rash S50 KT8 |

@“ GNOME Outputs

«  Map picture printout showing distribution of splots that cccurred over
time at a particular location

+  QuickTime movie showing movement of the splots for a particular
scenario run in GNOME

« Splotfiles in GIS format for incorporation into G1S program

+ BMNA map file for GNOME Analyst

+  Wind data flles for use In NOAA HAZMAT s ol weathering program

i
[ r—
el e
CEMEECTHY "
arvrw T T
b= Wiy of aenaiSve ofea Fal
. =, a 1 e uaed with aplot
L il 8 - L LB filas in GIE
o s e e st ¥
i
~—g L
Lris
il Do i
a7 bl fracil]
4
Ny s ] -G E ot CRAFT: ttatensl Compded y Mass S50 I Gug 0 1z
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@ GNOME Users

General public for educational use g

= Public awareness that a trajectory model exists and can be used to deter.m'me the
approcimate spread of & spal if cwrrent, wind, river flow. am ount of epill, and de

parameter are defined and mon in the model

= Leam how to include uncerainty n obserations and forecasts 1o improve
estimate of spill mpact area

«  Professional use for training to improve skill and intuition in trajectory
analysis
+ Professlonal use by tralned personnel If exact current, wind speed and
direction, river flow, amount of spill, and tidal information parameters
are recorded in the Diagnostic Mode
— Deecigned for egpert modelers who provide tactical support for spil responss team

— Regures hydrodynamic modeling expenence and advanced traiming from MOAA
HAZMAT

+  Unified Command team that will use the trajectory predictions 1o
cetermine where to implement countermeasures by sending the
response teams to place booms and skimmers to prevent or minimize
spill spread fo sensitive areas

I I W R ATElGHON E of CRAFT: mtatenad Compdad by RAaSE S50 LT

@ GNOME Inputs

Location files for 20 worldwide coastal locations
= Mavigational chart map of a specified area
= host common casrent patterns for a specfiied area
— Tedal informnation for a specified area and tine
— Leew, mediam, and high rver fiew current data nformation for a specifled area, if
applicable
+  Weather reports and forecasts from the NOAA National Weather
Service
— Wlind flow and direction, constant o varlable over tine
— Exact wind ficw data for actual spill event
«  Epill location and start time
= Acteal coordinate point representation if stationary. or line r&l::-l:-n:hg iff driftimg

— Sprayed pomt representation to simulale observabions rmm over flght
mforrmation -

Type of pollutant and amount released
+  Time duration after spill
Map of envirenmentally sensitive areas

el FroesrhaC s e e g GHONE of DRAFT: mtatenad Compdad by RAasE S50 LT
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@ Possible NASA Contributions

+ Replace current map in GNOME model with Landsat 7 ETM

orthorectified, pan-sharpened, 3-band, natural color and infrared
imagery in Mr3I0 format

— Reduced file size makss Intermet download practical while preservding
pecreferencing and image gualily with nearly lossess compression
= Benefits:
v Duidk gestslerencing of recarnaissance mission images wsng base mage as referencs

*  |ncreased mterpratabifty of the surrounding envircnmaent and location on netural and
mianmade featuras i the vidnity ofthe spill

= Imemediate recognision of the coastins contarminased or in danger of comtamination by a
spill, sliminating the nesd to locate Pmagery end starta 45

Impacred usablity of spoay can taol wsed to relntialze pollutant locaticn amnd conceniliallon
ah hellcoples inageny whils on reconnalssance mssions

T Savifgs for quick command decisions to deploy response leam o prevent or
minimize spll spread 1o tenclive areas

= Wlorkhatde avadabdity with 1 G-day lemporal resclulion

s P e ey ArenROs E i CRAFT: Itatenad Compdad ey Rass S50 Itkup 3 16
Example of Coastline Detail with Image
Landsat T orthorectified,
3-band, infrared, pan-
sharpened imagery in
Mr3ID format
Black aplate; Bael gueet
Fed splots: Uncertainty
o O ahare
+ {rshore
g Froerhacsds W gemenlHONE o CRAFT: Itanenal Compdad iny RAaSs S50 Itkup 3 b
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@ Other Possible NASA Contributions

+ Replacement of base map with MODIS imagery from ECQS satellites with
Eha“dm to 1 km spatial and 1 day temporal resolutions in 38 spectral
-1

—  Benefits: Updated base map avallable daily after astual catastrophic spill

MODE

August 5, 2009
Soutly Africa

el FroesthaC s e e gaTEnlGHONE of CRAFT: mtatenad Compdad by RAaSE S50 LT

@ GNOME References

+  Web sites

htip.{iresponse_restoration.noaa. govisoftware'gnome/gnomeinfo_hibm |

hHtipdiresponse restoration noaa_govisoftware/gnome’esamples htmi

Fittpdiresponse restoration noaa govisoftears/gnoms pdfs! GNOME_Manual pdf

httpliresponse restoration noas. govisoftearefgnomeloctiles html

+  Publications and Internet sites containing information for each
location are included in the wizard interface

+ Internet sites for finding specific weather and tidal information for
each location are included in the wizard interface

« Internet sites for finding flow rate data for each location are included
in the wizard interface

For infermation about training in the Diagnostic Mode, contact NOAA
HAZMAT at ORR.GNOME@noaa.gov or at 206-526-6317
. i

el 3
-
__-!*h' | Ly 2 4

o HATIOE S . OCEAE STAREE]
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Protected Areas Geographic Information System
(PAGIS)

NASA Feasibility Study

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_m B _ il iod pl CRAFT: Itabenal Compdad iy RSk S50 KT

PAGIS Facts

« WTer Agency.
Joint M OAAMOE project with the Office of Ocean and Coastal Resource
Maragement's Mational Maring Sanctuary Division and Mational Estuarme
Fesearch Resenve Division, the Special Projects OfSce, and the Coastal
Services Centar.

« Supporting:
The Landscape Characterization and Bestoratcn program s supporting FAGIS
by asssling wilh data collection and benthic hakital characterization using

sediment profiing Imagery, traditional benthio sampling techniques, and a
Foxfnn acoustic system

Paint of Sontact:
Charles Alexandsr Chisl Matlenal Programs Branch, MMSS
MO8 A s Matanal Manne Sanctuanas
1305 East-\West Highway, 11th Floor
Sitver Sprng, MO 20910
Phome: (301} 713-3125

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_Cm 5 _risisdiod pel CRAFT: Itabenal Compdad iy RSk S50 KT
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@' PAGIS Operational Concept

+ The Protected Area Geographic Information System (PAGIS) provides
spatial data management and Internet capabilities at all Hational
Estuarine Research Reserves (HERR)} and Hational Marine Sanctuares
(HKS)

« A selof standard data layers will be created and distributed to each site

+ Supports restoration documenrtation and planning, oufreach/education,
management revigw, permit tracking and management. and oil spill
response

« Target audience is federal managers of NERRs and MMEs, ressarchars
and educatars

« Future plans
¥ Incorporation of more satefllite data
¥ Advanced visualization tools
¥ An oparational GiS for all MERRS and NMS

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_m B _ il iod pl CRAFT: Itabenal Compdad iy RSk S50 KT

-]

« Channel lzlands, Calformia

Mational Marine Sanctuaries

« Gulf of the Farrallones. Callfornia
« Cordell Bank, California
« Hawaiian Islands Humphback

- Fagatele Bay. American Whale critical habitat

Samoa .
« WSS Monlor wieck site, Maorth

- Florida Keys, Florida Carolina

+ Flower Garden Banks « Monterey Bay., California

Texzs/Louigiana

= Qlympic Coast, Washington

» Gray's Reef, Georgia
« Stellwagen Bank, Massachusetts

« Thunder Bay, Michigan

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_Cm 5 _risisdiod pel CRAFT: Itabenal Compdad iy RSk S50 KT
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Mational Marine Sanctuaries

Coavled B

Gull af B Famkoreig
Morfz ey Baw'®

“ihin it RS BOSS Fr s ionDFE B_nama
Wi i_m B _ il iod pl CRAFT: Itabenal Compdad iy RSk S50 KT

@, National Estuarine Research Reserves

+ ACE (Ashepoo-Combahee-Edisto) + Jacques Cousteau Resarve, New Jersay

Basin, South Carolina « Marragansett Bay, Rhode Iskand
« Apalachicola Bay, Florida « flarth Carolina Resersea

+ Chasapeaks Bay Resarve Maryland  « Naorth Inkat’ Winyah Bay, South Caralina
« Chesapeake Bay Reserve, Virginia « Ofd Woman Creek, Ohio

« Delawars Reserve + Padilla Bay, Washingten

+ Ekharn Slough, Calfernia « Rookery Bay, Florida

« Grand Bay, Mississippi + Sapel Island. GeargE

« sreat Bay, Mew Hampshire + South Slough, Cregon

+ Guana-Tolemato-Matanzas, Florida + Tijuana River, California

* Hudson River, Mew York » Waquoi Bay. Massachusetts

« Jobos Bay, Puerio Rico = 'Weeks Bay, Alabama

« Kachemak Bay, Alaska = Wells, Maine

‘i ek RS B DG e st iendCES ©_narman
T d_LF3 5l ion pul CRAFT: Mtaienal Compdad by Rash S50 KT8 |



MNational Estuarine Research Reserves

Unived Stares

hin Fr=H RS OGS R st oniDfE 6_nama
T Les_Sviualion pol CRAFT: mtatenal Compdad iy RFAaSH S50 LT ]

@ PAGIS Inputs

«  Geopolitical boundaries

«  Turtle and bird nesting sites
« Toepographic/nautical charts
*  Land uselland cover

«  Sampling locatians

« Histoncal data

« Bathymetry

= Benthic habitat

«  Mavigation chars

hin Fr=H RS OGS R st oniDfE 6_nama
T Les_Sviualion pol CRAFT: mtatenal Compdad iy RFAaSH S50 LT ]
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@' Possible NASA Contributions

= According to the reference cited on the follewing slide, the greatest
needs in the NERRS are

1} Upland land cover

2} Benthic or sublidal habitat delineation
3} Bathymetry

4} Water quality data

«  Remote s&nsing could contribute 1o all of these, AVIRIS, CRIS,
ATLAS, and Landsat, are the primary MASA resources, Howeyver, the
best system to address needs 2-4 above is the new Compact
Hydrographic Airbome Rapid Total Survey (CHARTS) system with
integrated LIDAR bathymetry, LiDAR topography, digital camera, and
CAS| hyperspectral sensaors.
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@' NASA Workforce Contribution

Coastal Land Cover

+  Bill Krabill {Wallops), Lead Investigatar for Coastline Topographic
Mapping and Shoreline Elevation Change

Coastal Water Quality

+ Carlos Del Castillo, Richard Miller. Callie Hall, Bruce Spiering
(Stennis), Coastal remate sensing applications developmeant

+  Frank Hoge (\Nallops), Lead Investigator for Ocean Color
Development and YWalkidation

« John Meisan (Wallops), Lead Inwvestigator far Coastal ocean
obsarvation. simulatian, and analysis

+  Alexander Chekalyuk (Wallops), Lead Investigator for Advanced
Coastal Laser Biomonitoring

Benthic and Subtidal Habitat Delineation

«  C, Wayne Wright (Wallops), Lead Investigator for Exparnmental

Advanced Airbarne Research LIDAR (EAARL), Seagrass and coastal
habitat applications
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@' PAGIS References

= Welbsite: hitp /e ©5C. Noaa. gov/pagis/

+  Pubieation:

Schuyler, Q, B, Stavenson, H, Reckslek, M, Crawford, M. Trem|,
Addressing Habitat 1ssues with Remote Sehsing in the National

Estuarine Research Resarsa Systam: Needs Assassmeant Report,
NOAA October 2002,
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ReefBase
NASA Feasibility Assessment
Thn RS EDES e sdust iondDfG 6_nama
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@' ReefBase Facts

«  Owner Agency:

G0

The World Fish Center, an autonomous, non-governmental, nonprofit,
international scientific and technical center which has been organized
to conduct stimulate and accelerate ressarch on all aspects of fisheries

and othar iving aquatic resources.
« Point of Contact

Dr, Jamie Oliver (Project Leader)
Wharld Fish Certer

ReafBase Project

Fenang, Malaysia

Phane: +B0 (D)4 E26 16806
FAX: +60 (0)4 626 5530
reefbasa@cglar.org
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ReefBase

+  Typlcal Collaborators:

- Global Coral Reef Maonitoning Metwork
Interational Coral Reef Initative
International Coral Reef Information Network
— MNOAA's Caral Health and Monitoring Program

+  Typical Funding Organizations:
— Intarmatianal Coral Real Action Metwark
= ‘Worldfish Center
= Linited Mations Foundation

+  Typical Content Providers;
- LINEF's World Consanvation Meonitoring Centre
— The World Resourcas |nstitute
= MASA's Image Analysis Laboratory at Johnson Space Center
= Agsociation of Southeastern Asian Mations

“ihin it RS BOSS Fr s ionDFE B_nama
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@' ReefBase Operational Concept

Cevelop a relational database for struectured information on coral resfs
that will serva as a computerized encyclopedia and analytical tool for use
in resf management, conservation, and ressarch

Caollaborate with other national, regional, and international databases, and
G5 facilities relating to resfs, and provide a means of comparing and
interpreting infarmation at the global level,

Develop and distribute analytical routines that will make full use of the
informatian and ensure appropriate interpratation and synthesis

Define critaria for resf heakth and use them to refine procedures for coral
reef assessments and to determine coral reef status at the regional and
qlotal level

Determine the relationships amaong coral reef health, fishery production
and the quality of life of people depandant an reafs,
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@/ ReefBase

ReafBase is web-tasec and GiS-anabked

e play Peda ok liyaname te Eaddl Lpew ! b el ey e e g i gl
dimia laymrs i matmda s you e iR s Smpiay dar ik menm in for opaickc TaEm in

Rl e R R W N

e i
Cdnd il A
e

i ¢ A
o i e o B Rl
[ T )

- @

Loslmaii kg
TR 1T
W O T

g Pl

B0 EeELr Y SAE DOopigrd bl 840 b DRl O O delBal.
Swiick Efem on [ oreeio cpice map e s

|
gy | mlien ey B drmmp rmanie @MWt 1 messiiin o) [esrmensy ool apraimaly il
ey o o i C frbmnep windmn o chaeg g wisblelage

‘i ek RS B DG e st iendCES ©_narman g
T d_L3 5l ion CRAFT: Mtaienal Compdad by Rash S50 N bup

@/ ReefBase

ReefBase's online geographic information system (GIS) displays
coral reef related data and information on interactive maps. The data
content covers such topics as

® Coral reefs

* Mangroves

® \ionitoring programs

* \arine protected areas

® Coral diseases & bleaching occumences

In addition, vou can view a number of thematic maps, including:

® Coral reef area
®*Fish consumption
*® Biodiversity
*Reafs at risk
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@' ReefBase Data

«  Currently, thers is information on over 10,0040 reefs.
< Ower 970 references are now kbgged inte the database.

* A total of 1,369 images are now stored in ResfBase, including aeral
photographs, terrestrial and underwater scenes, and low orbit MASA
imagss

« In addition, owver 1000 images covering tropical coastal areas have now
been acquired from HASA™s Office of Earth Sciences.
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@' Possible NASA Contributions

= Support an ongoing effort to populate ReefBase with satellite and
aircraft imagery of the workd's coral resfs,

+  Develop standard indicators {based on satellite imagery) of reef healkh,
productivity, and economic value.

- ResfBase is populated with thousands of asrial photographs and
Space Shuffle photos supplied by NASAUSC. While good for term
papers and press releases, these are analog images of limited
value far quantitative, scientific analysis

— MASA could poputate and malntain the database with current digital
data (MCODIS, Landsat, Hyperion, ALl etc ) which would make the
database much more valuable for scientific investigation,
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@’ ReefBase

Contributions cetails --

«  The World Fish Center publishes an annual status repart on the reefs
of the world. Experts in each country make the evaluaticn, which can
be highly subjective.

«  Anobjective standard method for evaluating reef health and
productivity is required to properly manage reef resources. Satelite
imagery could provide the cata source for such a method. NASA could

work on the reef health/productivity algorithms in collaboration with
coral experts.
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@’ ReefBase

Fast or Current NASA Activities

«  Addition of hand-held Shuttle photographs to ReefBasa

«  Fusion of Shuttle phatography with Sea\WiFS images (see publication
1)

«  Benthic mapping In tropical waters using high resclution hyperspectral
Imagery (see publication 2
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NASA Workforce Experience

Coastal Water Quality

Carlos Del Castillo, Richard Miller, Callie Hall, Bruce Splering
(Stennis), Coastal remote s2nsing applications development

= Frank Hege (Wallops), Lead Investigator for Ocean Color
Crevelopment and Yalidation

+ John Moisan (Wallops), Lead Investigator for Coastal ocean
chservation, simulation. and analysis

Coral Reei Mapping and Health Assessment

« . Wayne Wright (\VWallops), Lead Investigator for Experimental
Achyanced Airborne Research LIDAR (EAARL), Seagrass and coastal
habitat applications

+ Liane Guild (Ames), Ecosystem Sclence and Technology Branch,
Remate sensing of coral reef health

Remote Sensing of Ph lankion Physiology and Taxonam

Alexander Chekalyuk Wallops), Lead Investigator for &dvanced
Coastal Laser Blomonitaring, Phytoplankton physiological assassmeant
Lsing superastive-active-passive (SAP) systems
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ReefBase References

« Webpage: www' reefhase org

*  Fublications:

Robingon, J. &., . C. Feldman, M. Kuring, B. Franz, E. Green, M.
Moordeloos, and B P Stumpf. 2004, Data fusion in coral reef
mapping: working at multiple scales with SeaWiFS and astronaut
photography. Proceadings of the 6th International Conference on
Remcte Sensing for Maring and Coastal Enwironments, Vol. 2, pp.
473-483

Clark, ., H. Ripley, E. Green, A, Edwards, P, Mumby, 1997
Mapping and measurement of tropical coastal environments with
hyperspectral and high spatial resolution data. International Jourmal
of Remote Sensing, 18 (2 237-242,

Gulld, L., "Clues to Coral Reaf Health®, Fall AGL, Dec 8, 2002
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@’ ReefBase

MHOAA already has the operational coral proeduct described below.

The NOAA satelite-derived Degres Heating Week (DHW) is an
expenmental product designed to indicate the accumulated thermal stress
that coral reefs experience. & DHW is equivalent to 1 week of sea surface
temparature 1 deg © above the expectad summertime maximum. For
example, 2 DHWs indicate 1 wesk of 2 deg C above the expectad
summertime maximum. it has been observed that DHWs of 10+ have bean
accompanied by severa bleaching and often mortality.
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@/ FeefBase

MOAA also supports the Coastal Reef Early Warning System (CREWS)
described balow

CREWS produces automated electronic mail and World-Wide Web alerts
when conditions are thought to be conducive to, or predictive of, coral
bieaching. Data from remate sites are collected comtinuously and transmitted
via sate|lite to Wallaps Island Virginia, The analysis of this data has been
automated by a near real-time rule-based expart systam which produces the
predictions and alerts, CREWS can be extended to monitor additianal
parameters and prepare alers to ather biological and natural evants,

Satellite data collected (ongeing) for BeefBase coulkd be used to enhance
CREWS.
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SAFESEAS
Decision Support System

“First Look"” Evaluation
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@' Coastal Management

«Fedaral, state. and ocal coastal managersievels are responsitle for
= coastal resources planning
- envirgnmental compliance
= avert response

«Coastal management issues include
= Harmful algal blooms
— Benthic mapping
- Community grawth
- Coastal water quality
= Anaxia’hypoxia
= Sea level rise
= Coastal inundation'erosion
— wietiand assessmant
— Coastal habitat canservation

The purpase of the Coastal Managament Mational Application is to
evaluate and benchmark NASA data, assimiation technigques, and
t2chnologies to support operational coastal decision suppart and coastal
NSO
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@’ SAFESEAS Facts

= Owiner Agency:

HOAA, National Weather Service
Cffice of Science and Technology
Meteorelogical Development Laboratory
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@' SAFESEAS Operational Concept

= The System on AWIPS for Forecasting and Evaluation of Seas and Lakes
([SAFESEAS) autematically monitors the input data stream on the MWS
Advanced \Weather Interactive Processing System [AWIPS) to pick out
Information relevant to weather threats o coastal concerns.

«  Fouw extracted variables; wind speed, wind gust, wave height, and
visibility are compared with threshold levels.

+ Warnings are automatically generated when threshold are exceeded.

+  The user may customize SAFESEAS by defining a local area of interest
and by modifying the threshold table

= SAFESEAS is a reaktime D55 that considers only a two hour fime
wirsdore.
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SAFESEAS

Monitoring and Alert Display
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SAFESEAS Outputs

A SAFESEAS “product” corresponds to a marine watch or waming
depending on the combination of variables and threshoelds shown below.

+

“Small craft advisory” based on wind speed, gust, and wave height
+ “Giale warning” based on wind spead and gust

“Storm warhing” based on wind spsed and gust

"Hurricane force wind waming” based on wind speed and gust

Thraat evels are categorized in a “grean”, “yellow”, “med” sche me.
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SAFESEAS

Detodled Zone/Station Data Dhsplay Tables
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@’ SAFESEAS Inputs

= SAFESEAS maonitors

METARS {heurly aviation reports)

— Buoyreports

Ship reports

Coasal-Marire Autemated Netwoik (C-MAN ) reports

» Aand bases the threat kBevel on four variables

— ‘Wind apes=d
— Wi gust
— Wave helght
Wighbility
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@' Possible NASA Contributions

= Although satellites generate data on wird speed, wave height, and
vigibliy the temporal and spatial sampling characteristics of these
observations are not matched to this application. In addition the two
hour time window to suppont réal-time operations requires that any
MASA data used be received, processed, and sent out the NOAAFor
to AWIFS within one hour of overpass. MASA doas not suppart this
type of operational quick urn-around

*  There appear to ba no NASA contributions here.
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SAFESEAS References

“Mebsite: W WS noaa gov/mdlizafeseas!
«Publication

— SAFESEAL, (System on ANIFS for Forecasting and Evaluation of
Zeas and Lakes), Requirements Revew, Tuesday, Aprll 16, 2002
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SWAMP
Spatial Wetland Assessment for
Management and Planning
Decision Support System |

First-Look Evaluation

“Iingfiet Progect L na din | K sra gerenfy
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@/ Coastal Management

«Fedaral, state. and ocal coastal managers levels are responsible for
- coastal resources planning
= envirenmental compliance
= avert response

«Coastal management issues include
= Harmful algal blooms
— Benthic mapping
- Community grawth
= Coastalwater quality
= Anaxia’hypoxia
= Seg level rise
= Coastal inundaton/srosion
— Wetland assessmeant
— Coastal habitat canservation

The purpase of the Coastal Management National Application s 1o
evaluate and benchmark NASA data, assimiation technigques, and
t2chnologies to support operational coastal decision suppart and coastal
NSO
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SWAMP Coastal Management

« Wetlands constitute a large portion of the natural coastal Bndscape and
contribute to water queality, flood altenuation, estuarine productivity, and
wildlife habitat

- ‘Wetlands confinue to be drained or filled for dervelopment at & rapid rate

*  Profection and restoralion of wetlands is of Sgnifcant concem to coastal managers 1o
aid land use planning and rmana gement

+  Spatial Wetland Assessment for Management and Panning (SWAMP) 15 a
Geographic Information System (G135 mule-based model tool for examining
weatland functions

= Two modules, idal and rlvering, sxamine how watlands within 2 watershed
contribute to three wetland fundions: Water quality, Hydrology, Habitst

+  LUlses site-specific characteristics (soil, vegetation, and land use) and
descriptions and landsca pe characteristics {lacation, shape, and size) o
derive parameters that apply assessment rules In a prescribed mannar

— Rules are based on published res=arch o on & consensus of experts in the fidd

«  After data layers describing the parameters are derived, a unigue interface
allows usars to determing how these parame®rs should be combinad into
an overall assessment of the relative confribution that a specific wetland

makes to the watar quality, hydrology. and habitat functions of their
watershed
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SWAMP Facts

«  Develapad far the Ashepoo-Combahee-Edisto {(ACE) River Basin, South
Carolina

= Model 5 applicable to other locations provided that appropriate knowledoe abouwt
the local wetland system 12 cbtainsd
«  Rule-based models that use a GIS to accomplish the follewing,
= Organize input data

=  Alloey users to customize how the parameters are combined into an overall
aszessment of level of function
. Mihﬂmmahﬂmﬂﬂp rmaclel to specife knmwledge about a local wettand
—  Run the model o apply the rules that allow the examination of wetland functons
— Produce final producis to determine the water quality, hydrology, and habitat
funclions in a specified watershed
= Assessed tra ating scales

= Escapiors

- Subtential

- Banalicid

= HMockta
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“Data Layer” Operational Concept

= Initenk dosd v |

+Requres Arcvies 3.1or 3.2 with Al SAMP |
Spetial Anabsh estencian {
Stat M P Watl and Mide and

" | -
i A Y atiand Location Lsas seduential vandis infanasce

!

Cutput Wie ol Wabershed Bounderies
arvd Clssied Wap of Lacabon

!

| Skl an Evaueton Sreg

!

Bulci Tidal areicr Risanng Paramsisrs J

= Lacation of foract Bsath,
agricukure, urban, opsn Wk,
1% and fesire weiance, s

| = Szloct awatorsrad bo run mcadad

+ Choome one of mors mmponents
for proacram 12 Creala naakad das ‘

leyers
= Warer quality
:mml l‘ =410 11 lewers depsnchng an
! chosen parameters that val be
u} Dt Lyais utlized 0 nar ikl
e - = Converts input wecior date nio
raei ot nsa e 10 run miodal
i - |I “d_ll.

=5 Rl RENIENF gl

LT Ptatensd Compded Do Pazs S50

"Ranking” Operational Concept
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SWAMP Outputs

= Map layer of watershed boundaries for a specified area g' iy
= Map layer of land use classification for a specified area =

— Examples:
« Tickal and rivesine vweldland
v Upland for sl
+  Beachesisand
+ Agricubure
¢ Ukban
«  Output layer files to be wtilized in the model
— 4 ta 11 layers depending on Ldal of iverine paramslers chosen examples
= Resering Water Cualty
«  Tidal Habitat
«  Final Water CQiuality, Hydrodegy, and Habitat GIS layer
= [epending on specified parameter and criteria evaluation
technique chosen; exampls:
¢ Tdal Wiater Cunlity
— Escapiona Raing
- SEELEnlE Rang
- Banalicia Raing
= Mo Data
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SWAMP Users

« General public for ecducaticnal purposes

= Public awareness that a model exists and can be used to determine the function
of water gualiy. hydrology, and habitat in a epecified watland environment

—  Pubfic mform ation conceming their kxcal wetland habitat
«  Sclentific research to determine the change in the water quality. hydralogy.
and habitat environment when different parameters and criteria analysis
technigues are nun N the madal
+  Management and policy makers for battar assessment of the acologcal
importance and function of wetlands to proposs regulations for protection
ad restoration

o

CZM Hawaii 5@;

Dol Ter Usisdpoa-d
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« Wetland boundaries and types
= Hational Weiland Inventory

(.

{g coorchinates of wetlands point, Bne. and zrea features andvetlands athibutes

e

SWAMP Inputs

Cigital data fles based on welland location and dass ficalion as defined by the LS.
Fesh & WVilldite Servics

1224, 0 meale 7.5 manuts By 15 manate blecks conbaming graund planimsing

Coverage for all of the cortiguous Linded States Hawal, Alaska, and LS. profeclorates
in tha Pacific and Coribbean

v Lapd cove
= B as descibed above

« A sngle data layer provides both webland boundaries and kand cover classsfoation

+  Soll boundaries and typas
— 1224000 =cale soils maps produced by the U5, Department of Agriculiure’s

. H

Mational Resource Consenvation Service (NRC S
«  Progerlles of e soll are usad o dtermms the uwu:il:.' ] |:lu|hl.'u|u| voetlaid Birncton
yelragraphy

— 1224 000 scale U5, Geological Swrvey (USG5 digial Ine graphs (DLGs)

converted to Arcinfo coverage

» Siresrm of der afinbulee recuirsd by SWAMP are developad ram 1700, 000 KF3 Ales
procuced by the Enviienmental Probection Agsncy

“Iingfiet Progect L na din | K sra gerenfy
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SWAMP Input

o Watershed boundanes
= State-defined watershed boundaries are based on US55 1:24,.000 scale base

* Roads
= 1:24 000 =cale LISGES DLGS

data

DL dapicing
Irch oy e rocck

“Iingfiet Progect L na din | K sra gerenfy
=5 Rl RENIENF gl CEAFRT: htatensd amipaad [ FASE S50 G0

E-114




Possible NASA Contributions

«  MNASA Imagery o update current National [rvantory Maps used to
determine watland boundaries and land cover types and DLGs used 1o
determine new road canstruction

— Gan be used to update land cover Ivpe and road lavers due to rapidly changing
landscapes caused by agricultural expansion, urban sprawing, industmal
dercalopment, imber harvesting, and new read construstion

= an be usad to increase the accuwracy of SWAMP model in predicting the
mpodtance of the wetland to the watershed
o SWAMF refies hemily on the spatial and temparal chnamics of the wetlands
= Majority of the parameter s me demeed Bom the landscape that represent the location,
caloulated distances. sze. shage, and land cover byps

“Iingfiet Progect L na din | K sra gerenfy 11
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Possible NASA Satellite Imagery

« Landsat 7 orthorectified ETM imagery In geotiff farmat to update current
classification maps and road layer, Benafits:
= Format recegnizable in most mage processing sofftvare applications
— Moderate spatial resolution will reducs number of Imagess to mosale (i needed)
to cover desired wetland area comparsd (o high-résolution imagery
Panchromatic with 15maeter satial resolution
= Visible, nearinfared, and shor-wave mfrared with H-meter spatial resclution
= Thammal with Gl-meter spatial resclution
— 15-metar panchromatic resohlrtion for recognition of the surrcunding emvironment
far accurate dassificalion mefhods
= Wisibis aiid nfrared can be sharpensd o 15-meter spatial resolubon by uslng
panchromaic a5 high-resoligion rage for possisle increased itenpre t=bility

= 6-day temporal resolution

“Iingliet ProgectL na din | K sra gerenfy 13
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Possible NASA Satellite Imagery

«  EOS ASTER orthorectified, 15-band imagery to update current classification
maps and road layer, Banefits)
= Moderate spatial resolution will reduced number of images fo mosaic (if needad)
to cover desired wetland area comparsd te high-resolution imagery
+ Wigikdetizar Infared with 15-meter spatial resaleson
+  Shobwave Infrared with 20-meter spatial resolution
Thammal with S0-mster spatial resclution
= 1Smeter visble/near-infrared resolution for recognition of the sumaunding
environment for accurate chssification algorithm s

= fday temporal resoletion

Tarra Sakllis
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Possible NASA Satellite Imagery

= EOS MODIS Land Cover/Land Cover Change product to update current
classification maps; Benesfits:
= | kilometer resolution that dentifies 17 categories of land cover types
according tothe |GEP vegetation dassification scheme
= 11 classes of natural vegstation
¢ Gdasses of developad land
Jolasszes of nonvegetatad land
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SWAMP References

«  Web sites
httpifwerw. csc.moaa_govleritedswamp htm|
hitp:flcgia.cgia. sfate. e us!cgdbimd kml
hitpfledc usgs, gowpreducts!map/do. htimi#samples
httpoiflaTpm 3 gefoc naza. gowvm aingage. hitml
http-fasterysb pl nasza. gow
hitpmodis.gsfenasa. govidatalatbdfatd_mod1 2 pdf

Publicatian
List of Bterature clied i [ncleded In SWAMP Technical Report al
hitp e cec noaagovierlimagesTechDisc.pdf pp. 35 - 43

+« Contact Person

Lorl Sutter
Technology Flanning and Management Corporation
MOAS Coastal Sendces Centar
2234 South Hobson Avenue
Charleston, SC 23405
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WATERSHEDSS
Decision Support System

“First Look"” Evaluation

@y

Marth Carning Siate Unearsty
WEET Cuakhy Group

PresecislCocarhd Managamenl DEGE F re ool i
ORT EFES HELASE i CHRAFT: hlatensl Compded by Mass S50 b

@' Coastal Management E

«Fedaral, state. and ocal coastal managersievels are responsitle for
= coastal resources planning
- envirgnmental compliance
= avert response

«Coastal management issues include
= Harmful algal blooms
— Benthic mapping
- Community grawth
- Coastal water quality
= Anaxia’hypoxia
= Sea level rise
= Coastal inundation’erosion
— ‘Wetland assessmant
— Ceastal habitat conservation

The purpase of the Coastal Managament Mational Application is to
evaluate and benchmark NASA data, assimiation technigques, and
t2chnologies to support operational coastal decision suppart and coastal
NSO

PresecislCocarhd Managamenl DEGE F re ool 4
PRT B HELEE LAk T, itarensl Compsad iy RAass S50 Nhup =

E-118



WATERSHEDSS Basic Facts

= WATERSHEDSS — WATER, Scd, and Hydre-Environmental Decision Sugport
Syslem
= Dwner Agency: Morth Carolina State Unbversity Water Quality Group
= Developed through a grant from the UWSERA, Office of Hesearch and
Development, Mational Exposure Research Laboralory, Ecosystems Research
Division, Athens. GA_. The Agriculiural and Biological Engnaering Departm end
at Pennsylvania State University collaborated on the project.
= Ohjectives
1. Transles wabes guality and land beatment infaimallon o watsrshed imanages b ards
o assist them in making appropriate land management and and freatiment decisions to
achieve water quality goals,
2 Bssatsand evaluate souices, mpacts, and pobential management splicns far condal
of nen-paint source pollidion i a watershed based on use-supplisd nfmation and
decisang,

= Consists of 3 coimponents:

1. Watershad Assessment and Eveluation = mcludes a poluiant budget sprasdshect and
an agricutuwal bast managerment practice (BMP) datebase

2 Educational Component — containg detadad inframnation and references on MFS
polutanss and sources

3. Anncfated BibBography of non-poing scurcs |Beraturs

PresecislCocarhd Managamenl DEGE F re ool
ORT EFES HELASE i CHRAFT: hlatensl Compded by Mass S50 b

@' WATERSHEDSS Operational Concept

< Watershed Assessment & Evaluation
= Llkras a hypedesd axperb-gysben like e face
= Lser it asked a Series of queshons:
s Tyne of weaber resource and uss
+ Type of Impaimant
Sanre of pluen
+ Fegoral agodbura practices
—  Baged onthe answseis to the cuestions, alemative land beatment practces will ba
suggRstad
—  User interactively sefects fom the recommended best maragement practices

—  Waler quality standar ds were obfalned from vail cus federal stats, and professanal
BOITGEE

— ':h'll_p' GfE wWalsr resource, LUse, and Il‘rpﬁl'l‘n-l‘.'ﬂl zan be selacted Far sach nin
Educational

= Comprised of hypertest wits on wabe: guality, water quality monitsing, land treatisn,
veabarshed managerment, and walseshed poojed.

Annctated Bibliography

- A link to the NCSU Water Ouality Group MNPS Libirary of lierature that s searchabie by
author, tle, keyword, or tapic

PresecislCocarhd Managamenl DEGE F re ool
PORT EFES HELASE i CHRAFT: hlatensl Compded by Mass S50 b
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WATERSHEDSS Outputs

= Nlatershed Assssament & Evaluation

— Text based best management practice for selected water rescmce, use,
and impairm e

= Educafional Component
— Text mformation on selected topic
«  Annatated Bibliography
— Bibllography and abstrack (f avalable) fer articles that match search criterla

PresecislCocarhd Managamenl DEGE F re ool
PRT B HELEE (0 LAk T, itarensl Compsad iy RAass S50 Nhup

WATERSHEDSS Users

= Specific users are unknown

«  Foltential users include
- Whabershed managers
—  Land treatment personnel

PresecislCocarhd Managamenl DEGE F re ool
PORT EFES HELASE i CHRAFT: hlatensl Compded by Mass S50 b
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@ WATERSHEDSS Inputs

= Watershed Assesament & Analysis
— User seledts deslred water resource, use. and polluiant
— Bereage for selected land use categories

PresecislCocarhd Managamenl DEGE F re ool ?
PET EFSSHELS=E b CRAFT: tetatenad Compded by Rass 550 N hug 9

@ Possible NASA Contributions

= Mo real potertial for MASA confributions without significant changes to
the DSS

PresecislCocarhd Managamenl DEGE F re ool &
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WATERSHEDSS References

= Websitels): htipJfweew water. nosuwed wwatershedss!

=  Fublication(s).

Camond, DL, OE Lins, B Garmon, J & de, J Spaoner, 5% Colfey, 1A Banennagen, Ji2
vaker & Fosisr, P D Robilard, and DOW. Lehining, 15250 WATERSHEDSS: Tha Inbegraikon and
Uss of ¥elands and Ripanian Arses inaDedsion Suppor System  Feges 127138 In° K L Campbed
[2=d, Mersanliy of Wailands i tie Agicubural Lanckscaps, Proceschrdgs Sepl 17-20, 1505, Tampd,
FL &mer 5 fgnic, Enginaars, 5 Josaph, i

cemond, DL, B Gannei, LA Gale, DE. Ling, CE knor, KA. Prilges, W H. Tumss, 8 Foste
and CLE. Lehning, 1337 WATERSHEDZS. & Dadision Supealt Sysbem for Walarshad-Soaa
Honport Souros Yeater Qualiy Problsms. o) of e Amer. Walsr Besoar Smmoc, 34 21527341

« POC:
Dhearvra L. Ooam and
Ceepariment of Zoil Scisnce
Box 7615
Morth Caroling State Uniersity
Ralsigh, M 276257510
{918) 3157203
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